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Mechanical  and  Engineering  Section. 

INTRODUCTORY  ADDRESS. 


By  Wilfred  Lewis, 
President  of  the  Section. 


[Commemorative  Meeting  held  in  Convention  Hall,  National  Export  Exposi- 
tion, Thursday,  October  5th,  on  the  Occasion  of  the  Celebration  of  the  Sev- 
enty-fifth Anniversary  of  the  Franklin  Institute.] 


For  seventy-five  years  the  Franklin  Institute  has  devoted 
itself  assiduously  to  its  well-known  object,  "  the  promotion 
of  the  mechanic  arts,"  but  in  the  performance  of  this  great 
work  it  has  realized  at  various  times  the  advantages  arising 
from  the  concentration  of  effort  along  certain  lines  within 
its  broad  and  liberal  scope. 

The  constant  subdivision  of  scientific  thought  into 
branches  whose  bounds  are  more  and  more  rigorously  de- 
fined is  an  index  of  the  progress  of  our  age,  not  that  there 
are  more  different  kinds  of  science  to  be  studied,  but 
because  the  fields  of  research  and  investigation  have  so 
Vol.  CXLIX.     No.  88q.  i 
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expanded  that  the  human  mind  is  overwhelmed  by  the  vast- 
ness  of  the  whole,  and  individuals  must  be  content  to  mas- 
ter thoroughly  one  small  corner  of  a  general  division. 

The  Chemical,  the  Electrical  and  the  Mining  and  Metal- 
lurgical vSections  were  consequently  formed  to  meet  the 
demand  for  more  restricted  bounds  within  which  the  spe- 
cialists in  these  departments  could  carry  on  their  work. 

These  sections  are  firmly  established  and  their  valuable 
services  have  been  appropriately  commemorated  here  to  the 
honor  of  the  Franklin  Institute.  They  have  records  upon 
which  they  can  look  back  with  pride,  and  futures  full  of 
promise,  but  the  work  of  the  Mechanical  and  Engineering 
vSection,  which  I  have  the  honor  to  represent  this  evening, 
has  only  just  begun. 

About  a  year  ago,  it  was  suggested  that  a  section  of  the 
Institute  be  organized  which  would  appeal  directly  to  the 
artisans,  mechanicians,  draughtsmen,  designers^and  engin- 
eers, who  form  so  large  and  important  a  part  of  our  popu- 
lation. It  was  not  intended  to  encroach  upon  the  fields  now 
occupied  by  the  national  and  local  engineering  societies, 
whose  members  are  for  the  most  part  engineers  in  active 
practice,  but  to  form  a  society  more  democratic  in  its 
scope,  which  would  welcome  all  who  are  interested  in  me- 
chanical pursuits,  regardless  of  their  skill  or  attainments. 
Skilled  and  unskilled  mechanics,  novices  and  past  masters 
in  engineering  were  to  have  a  common  meeting-ground, 
where  all  might  be  heard,  and  it  was  hoped  that  in  the 
meeting  of  earnest  workers  thus  brought  together,  the- 
orists would  learn  much  to  their  advantage  from  the  more 
practical  men  of  action  and  manual  skill,  while  the  latter 
would  be  equally  benefited  by  a  deeper  insight  into  the 
methods  and  principles  of  engineering. 

The  proposition  to  organize  a  section  devoted  in  this 
way  to  the  interests  of  the  various  mechanical  pursuits  at 
once  met  with  favor,  and  the  Board  of  Managers,  at  its  stated 
meeting  of  November  9th,  1898,  authorized  the  formation 
of  a  "  Mechanical  and  Engineering  Section."  The  inaugu- 
ral meeting  of  the  section  thus  authorized  was  held  De- 
cember 15th,  under  the  leadership  of  Mr.  James  Christie, 
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Chairman  of  the  Committee  on  Sectional  Arrangements, 
and  Chief  Engineer  of  the  Pencoyd  Iron  Works,  which  has 
so  recently  astonished  the  world  by  its  successful  competi- 
tion with  England  for  the  construction  of  the  Atbara  Bridge 
in  Egypt.  Under  his  guidance  the  section  sprang  at  once 
into  active  life  and  work,  and  there  are  now  enrolled  upon 
its  list  of  members  188  active  men.  as  the  nucleus  of  an 
organization  which  cannot  fail  to  be  a  power  for  good  in 
this   and  other  communities. 

Although  not  at  once  a  large  society,  our  numbers  are, 
nevertheless,  encouraging  as  a  part  of  the  Institute,  embrac- 
ing as  it  does  only  2,000  members,  from  which  we  must 
draw  recruits,  and  we  confidently  hope  to  grow  as  the  ad- 
vantages of  membership  become  more  generally  known. 

To  become  a  member  of  any  section,  one  must  be  a 
member  of  the  Institute,  in  good  standing,  and  to  be  such 
a  member  it  is  only  necessary  to  pay  the  small  annual  dues, 
in  return  for  which  such  abundant  returns  may  be  enjoyed. 

But  it  is  my  purpose  to  deal  more  particularly  with  the 
work  of  the  section  to  which  this  evening  is  devoted,  and 
to  lay  before  you  our  special  claims  to  consideration. 
Every  industrial  establishment  in  the  city  should  be  inter- 
ested in  our  success,  and  our  members  would  be  counted  by 
thousands  and  tens  of  thousands  if  the  vast  army  of  work- 
ers could  be  made  to  realize  the  helpfulness  of  mutual  edu- 
cation by  actual  contact  with  fellow-workers  in  the  same 
field  of  interest. 

At  the  inaugural  meeting,  a  code  of  rules  was  adopted, 
similar  to  those  in  force  in  the  other  sections.  The  selection 
of  subjects  for  discussion  was  placed  in  the  hands  of  a 
committee  on  information,  who  decided  to  devote  the  first 
stated  meeting  to  Personal  Reminiscences  of  Changes  in 
'Machine  Design  and  vShop  Practice.  This  proved  to  be  an 
almost  inexhaustible  subject,  and  much  interesting  and  en- 
tertaining information  was  elicited,  some  of  the  members 
going  back  fifty  years,  to  the  time  when  railroads  and 
steamboats  were  in  their  first  stages  of  development.  Since 
then  we  have  taken  up  the  following  subjects,  the  discu.s- 
sions  of  which  have  been  reported  in  K.\\q.  Journal :     "  Travel- 
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ling  Cranes,"  "The  Mechanical  Applications  of  Compressed 
Air,"  "  The  Construction,  Operation  and  Maintenance  of 
Pumping  Machinery,"  and  "  Hydraulic  Transmission, 
Valves  and  Packing." 

In  addition  to  the  regular  meetings,  at  which  the  above 
subjects  were  considered,  a  special  meeting  was  called  in 
February,  to  hear  an  address  by  Prof.  Wm,  S.  Aldrich,  on 
the  U.  S.  Repair  Ship  "  Vulcan,"  which  played  so  important 
a  part  in  the  recent  war  with  Spain.  Prof.  Aldrich  was  the 
Engineer-in-Charge  on  this  remarkable  vessel,  and  "his  lec- 
ture, amply  illustrated  by  lantern  slides,  was  full  of  interest. 

The  inestimable  value  of  facilities  for  repairs  at  sea  was 
clearly  demonstrated,  and  in  this  was  seen  the  immense 
latent  strength  of  American  forethought  and  mechanical 
genius.  All  honor  to  the  men  behind  the  guns,  but  they 
are  powerless  unless  behind  them  stand  the  mechanics  and 
the  engineers  who  furnish  the  munitions  of  war  with  which 
swift  and  terrible  execution  can  be  accomplished.  We 
have  shown  to  the  world  our  undaunted  valor,  energy  and 
power  to  destroy,  and  we  are  now  showing  in  a  greater  de- 
gree our  power  to  build.  Construction,  rather  than  destruc- 
tion, is  the  gauge  of  our  real  strength,  and  to  none  does  the 
nation  owe  its  supremacj'  more  than  to  its  mechanics  whom 
the  Franklin  Institute  has  fostered  and  encouraged  for  sev- 
enty-five years. 

But  it  is  not  for  me  to  speak  of  the  history  of  this  noble 
institution,  which  has  been  aptly  styled  a  "  democratic 
learned  society,"  and  it  would  be  presumptuous  to  make 
such  an  attempt  in  the  presence  of  one  who  has  been  so 
long  identified  with  its  achievements — an  engineer  of  inter- 
national reputation,  who  has  honored  the  Institute  by  his 
devoted  service,  and  who  has  been  honored  in  return  by  the 
highest  office  it  could  bestow — one  who  has  labored  for  the  ' 
enlightenment  and  prosperity  of  mankind  like  a  true  dis- 
ciple of  the  immortal  Franklin,  and  whose  latest  work  has 
put  Niagara  in  chains  to  serve  our  needs  with  the  vast 
power  that  would  otherwise  be  squandered.  It  is  hardly 
necessary  for  me  to  introduce  Dr.  Coleman  Sellers,  who  will 
now  address  you  on  "The  Progress  of  the  Mechanical  Arts 
in  three-quarters  of  a  Century." 
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The    progress    of    the    MECHANICAL    ARTS    in 
THREE-QUARTERS  OF  a  CENTURY. 


By  Coleman  Sellers,  E.D., 
Professor  of  Mechanics,  Franklin  Institute. 


[An  Address  delivered  in  Convention  Hall,  National  Export  Exposition, 
Thursday,  October  5th,  on  the  Occasion  of  the  Celebration  of  the  Seven- 
ty-fifth Anniversary  of  the  Franklin  Institute.] 


Mr.    President,   Members   of    the    Mechanical    Section    of    the 

Franklin  Institute,  Ladies  and  Gentlemen : 

I  have  listened  with  interest  to  the  remarks  of  the  Pres- 
ident of  this  section,  Mr.  Wilfred  Lewis,  in  regard  to  the 
advantaofes  which  have  resulted  from  the  formation  of  the 
several  sections  within  the  society,  by  which  those 
members  forming  the  respective  sections  can  associate  and 
effect  an  exchange  of  opinions  on  matters  of  common  inter- 
est, apart  from  the  regular  meetings  of  the  society  at 
large. 

In  looking  back  to  the  time  when  the  Franklin  Institute 
celebrated  the  first  half-century  of  its  life,  I  recall  the 
speakers  on  that  occasion,  and  regret  exceedingly  that  some 
are  unable  to  take  part  in  the  present  celebration.  I  had 
the  honor  at  that  time  to  be  President  of  the  Institute  and 
presided  at  the  meeting  held  in  Musical  Fund  Hall.  Among 
the  speakers  was  Mr.  Frederick  Fraley,  who  delivered  the 
historical  address,  he  being  one  of  the  two  survivors  of  the 
original  founders  of  the  Institute.  Mr.  Fraley  is  still  with 
us,  and  is  now  the  only  survivor  of  those  few  men  who  had 
the  good  of  the  mechanic  and  craftsman  at  heart  when 
they  established  what  has  proved  to  be  among  the  most 
successful  in  its  practical  results  of  all  institutes  of  the  kind 
in  the  world.  I  regret  that  the  condition  of  Mr.  Fraley's 
health  prevents  him  from  being  able  to  address  you  at 
this  time,  but  I  know  that  in  heart  he  is  with  us,  as  he  has 
been  for  the  past  three-quarters  of  a  century. 

The  scope  of  the  subject  upon  which  I  have  been  asked 
to  address  you  merits  careful  preparation  in  order  to  pre- 
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sent  it  in  a  sufficiently  comprehensive  shape  for  the  limits 
of  a  single  address.  I  regret  extremely  that  I  have  not  had 
an  opportunity  for  such  preparation,  and  can  offer,  therefore, 
some  informal  remarks  only,  covering  a  few  recollections 
and  observations  on  the  progress  of  the  mechanic  arts  dur- 
ing the  past  seventy-five  years.  The  records  of  the  Frank- 
lin Institute  are  the  records  of  much  of  the  progress  made 
during  the  whole  of  this  time,  and  in  the  volumes  of  its  fo2tr- 
na/ you  will  find  abundant  evidence  of  the  good  work  of  the 
earnest  mechanics,  engineers  and  teachers  who  have  come 
together  for  mutual  benefit  and  in  the  interest  of  this  so- 
ciety. You  will  find  no  better  place  to  note  the  progress  of 
the  mechanic  arts  than  in  the  account  of  the  work  of  these 
citizens  of  a  great  manufacturing  city  in  the  reports  of  the 
committees  of  the  Franklin  Institute,  and  especially  the 
Committee  on  Science  and  the  Arts,  which  for  many  years 
performed  gratuitously  what  is  now  largely  confided  to 
paid  experts.  These  men  did  this  work  of  the  Institute,  and 
are  still  doing  it,  for  the  common  good,  without  any  expec- 
tation of  other  reward  than  the  satisfaction  of  unselfish 
interest  in  mechanical  progress. 

The  greatest  advance  in  mechanics  has  been  manifested 
since  the  advent  of  the  locomotive.  It  so  happens  that  the 
birth  of  the  modern  railroad  system  is  coincident  with 
my  own  birth.  At  that  time  the  first  railroad  was  put 
into  operation  in  England,  which  development,  taken  in 
connection  with  the  advent  of  the  steamboat  which  pre- 
ceded it,  was  certainly  the  exciting  cause  of  the  great 
industrial  advance  that  has-  since  been  made.  Previous 
to  1827  wooden  rails  had  been  laid  to  form  roads  over 
which  ore  was  hauled  from  the  mines,  and  coal  was  trans- 
ported in  the  same  manner  by  animal  traction  to  better 
advantage  than  over  common  roads.  Oliver  Evans  in  our 
own  countr}',  and  other  engineers  abroad,  had  conceived 
the  idea  of  the  high-pressure  steam  engine,  and,  with  the 
full  understanding  of  its  value,  a  practical  traction  engine 
to  use  on  roads,  was  one  of  the  first  examples  of  its  appli- 
cation. It  was  after  the  invention  of  the  road  engine  that 
the  locomotive  upon  rails  became  possible. 
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The  traction  engine  applied  to  the  railroad  was  the  basis  of 
our  present  wonderful  system  of  inland  intercommunication, 
and  its  development  has  given  an  impetus  to  all  trades.  In 
fact,  the  wants  of  the  railroads  taken  alone  would  have  been 
sufficient  incentive  for  what  has  since  been  done  in  the 
mechanic  arts,  engaging,  as  it  has,  the  attention  of  engineers 
to  produce  the  labor-saving  tools  required  for  the  improve- 
ment and  preservation  of  the  railroads  and  equipment, 
including  the  great  iron  and  steel  works  that  supply  the 
rails,  bridges  and  buildings. 

Special  machinery  has  been  constantly  needed  to  render 
possible  such  industries  as  iron  ship-building,  bridge  and 
structural  work,  and  the  appliances  which  have  been  intro- 
duced in  place  of  hand  labor  throughout  the  industrial 
world. 

The  progress  of  the  single  industry  of  machine  tool  build- 
ing has,  therefore,  a  most  important  bearing  on  this  sub- 
ject, and  traced  through  the  many  stages  of  its  rapid 
growth,  the  development  of  this  one  industr}^ -would  be  suf- 
ficient to  illustrate  the  progress  in  mechanic  arts  during  the 
period  in  question,  and  especially  what  has  been  accom- 
plished in  this  country. 

The  important  relation  which  tools  and  implements  bear 
to  the  mechanic  arts  and,  in  fact,  to  all  arts  and  crafts,  forms 
the  subject  of  an  interesting  tradition  which  was  published 
in  the  Journal  of  the  Institute  by  the  late  Mr.  Joseph  Harri- 
son, Jr.  In  his  home  at  Philadelphia  he  exhibited  a  paint- 
ing by  Schusselle  representing  a  blacksmith  seated  at  the 
right  hand  of  King  Solomon's  throne  in  his  great  temple, 
to  illustrate  a  hypothecal  event  during  the  feast  given  in 
Jerusalem  at  the  completion  of  the  edifice.  To  this  feast 
had  been  bidden  the  various  artisans  who  had  been  en- 
gaged upon  the  construction  and  decoration  of  the  build- 
ing, those  who  had  helped  to  shape  the  gold  and  silver  and 
carve  the  ivory  and  weave  the  costly  hangings  that  deco- 
rated its  walls.  There  also  came,  unbidden  and  unrecog- 
nized, the  swarthy  smith,  who,  forcing  his  way  through  the 
courtiers  and  the  guard  to  the  throne  of  the  king,  claimed 
recognition  as  the  one  man  to  whom  was  due  the  creation 
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of  the  entire  work,  for  it  was  he  who  had  forged  the  tools 
without  which  the  other  artisans  could  have  done  nothing. 
The  wise  king,  recognizing  the  justice  of  the  claim,  gave 
to  the  smith  the  seat  of  honor. 

Antedating  the  smith  of  King  Solomon's  day  and  the 
mechanics  of  all  times,  the  progress  of  civilization  can  be 
traced  by  the  study  of  the  implements  used  in  the  daily  life 
of  different  races  of  man,  and  prominent  in  the  progress  of 
the  mechanic  arts  must  be  counted  the  tools  with  which 
work  has  been  accomplished. 

As  one  instance  of  progress  from  primitive  methods  dur- 
ing the  period  under  consideration,  it  may  be  of  interest  to 
refer  to  the  construction  of  one  of  the  first  large  engines 
that  were  built  for  the  city  water  works  in  Philadelphia. 
There  is  probably  no  one  present  who  can  recall  the  fact 
from  actual  memory,  but  where  our  Public  Buildings  now 
stand  there  was  once  a  smaller  structure,  on  top  of  which 
was  a  tank  into  which  water  was  pumped,  and  this  water 
was  distributed  through  the  then  small  city  below  Broad 
Street  by  means  of  wooden  pipes  of  comparatively  small 
size.  The  engine  used  in  this  work  was,  I  believe,  of  the 
Oliver  "Evans  type  of  high-pressure  engine,  the  cylinder 
of  which  was  cast  in  New  -Jersey.  The  boring  bar  used 
in  boring  out  the  cylinder  was  of  the  crudest  character, 
operated  by  hand  by  means  of  levers  attached  to  it,  so 
that  men  walking  around  the  cylinder  could  propel  the  cut- 
ting tools,  and  gradually  force  the  cutters  on  the  boring 
bar,  through  the  cylinder,  until  it  had  been  turned  out  ap- 
proximately true.  After  that  the  inner  surface  had  to  be 
filed  to  a  sufficient  degree  of  smoothness.  Probably  a 
month  was  consumed  in  this  operation  of  boring  the  cylin- 
der. As  I  shall  take  occasion  to  mention,  the  subsequent 
improvements  in  machine  tools  have  changed  the  process 
of  cylinder  boring  from  an  effort  of  days  to  the  work  of  a 
few  hours. 

It  may  be  of  interest  also  to  note  that  when  the  engines 
were  erected  and  the  boilers  put  in  their  place  at  this  Cen- 
ter Square  Station,  the  latter  were  found  upon  test  to  be 
insufficient  for  their  purpose.     Oliver  Evans  had  specified 
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the  length  of  the  grate  bars  and  the  width  of  the  furnace  to 
be  used,  as  also  the  length  of  the  boilers,  which  were  of  the 
plain  cylinder  type,  but  the  wise  men  of  the  city  govern- 
ment believed  that  they  could  do  better  by  making  the 
boilers  much  longer  than  he  had  suggested,  and  they  were 
so  constructed.  Upon  their  failure  to  do  the  work,  Oliver 
Evans,  who  was  in  New  York,  was  sent  for  in  haste  to  cor- 
rect the  dit¥iculty.  His  message  to  those  in  charge,  en- 
forced by  his  presence  afterwards,  was  that  they  must  cut  off 
10  feet  from  the  length  of  each  boiler.  This  seemed  a  strange 
proceeding,  but  he  soon  explained  to  them  that  the  extra 
length  which  they  had  added  to  his  prescribed  dimensions 
was  acting  as  a  condenser  to  re-convert  steam  into  water, 
inasmuch  as  the  heat  of  the  furnace  could  not  extend  the 
whole  length  of  the  boilers  as  they  had  been  built.  Upon  cut- 
ting the  boilers  down  to  their  proper  size  so  the  heat  could 
extend  over  their  whole  fire  surface,  they  proved  sufficient 
for  their  work,  and  continued  to  operate  as  long  as  this 
primitive  water  plant  was  in  existence.  I  have  this  story 
from  those  who  were  living  at  the  time. 

I  hope  I  may  be  pardoned  for  alluding  here  to  some 
events  in  my  own  experience  as  a  mechanic  in  order  to  jus- 
tify my  authority  as  a  historian.  From  earliest  childhood  my 
interest  has  been  led  in  the  direction  of  the  mechanic  arts. 
My  first  knowledge  of  physics  came  from  my  father,  through 
his  instructions  and  experiments  for  my  benefit  before  I  had 
fairly  passed  out  of  the  stage  of  infancy,  for  I  was  but  seven 
years  old  when  I  lost  so  able  a  teacher.  As  a  schoolboy 
most  of  my  holidays  were  spent  in  his  machine  works  at 
Cardington,  near  Philadelphia,  where  I  had  abundant  oppor- 
tunity to  not  only  know  what  was  being  done  at  that  time, 
but  I  had  from  my  seniors  the  history  of  what  had  imme- 
diately preceded  my  personal  observation. 

My  acquaintance  with  the  rapid  advance  in  the  railroads 
of  America,  and  in  the  motive  power  on  the  roads,  dates 
from  the  time  when  the  building  of  locomotives  was  under- 
taken in  my  father's  shops,  immediately  after  Matthew 
Baldwin  had  started  his  works  in  Philadelphia.  When  I 
was    19   years  of   age  I   accepted    service  as  draughtsman 
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in  a  rolling  mill  in  Cincinnati,  where  rails  were  being  made 
for  the  roads  then  projected  through  the  Western  States. 
The  rails  used  at  that  time,  which  were  called  strap 
rails,  were  flat  bars  of  iron  about  3  x  i;^  inches  in  section, 
with  oval  depressions  rolled  into  the  face  to  receive  the 
head  of  the  spikes  driven  through  the  rail  to  fasten  it  to 
string  pieces  of  wood.  They  were  punched  at  each  one  of 
these  depressions,  which  marked  the  location  of  the  spike 
hole.  At  that  time  the  most  common  accident  on  the  rail- 
roads was  one  unknown  now,  namely,  "  snake  heads,"  as 
they  were  called,  when  the  strap  rails,  bv  the  action  of  the 
wheels  upon  them,  would  curl  up,  drawing  the  spikes  from 
the  wood,  and  often  piercing  the  bottom  of  the  car,  and  not 
infrequently  killing  or  injuring  passengers. 

After  my  experience  in  the  rolling  mill,  where  1  acquired 
a  knowledge  of  the  wants  of  the  railroads,  I  was  engaged 
for  seven  years  in  locomotive  building,  first  in  constructing 
engines  for  the  Panama  Railroad,  in  connection  with  one 
of  my  brothers  who  was  the  inventor  of  a  locomotive  for 
ascending  inclined  planes.  The  late  John  C.  Trautwine 
was  the  Consulting  Engineer  of  the  Panama  Railroad,  and 
it  was  on  his  recommendation  that  these  engines  were  or- 
dered, in  the  belief  that  some  heavy  inclines  would  have  to 
be  overcome  in  passing  from  the  Atlantic  to  the  Pacific 
Ocean  at  Panama,  although  these  inclines  were  avoided, 
and  the  engines  eventually  used  in  the  construction  work 
merely. 

Subsequently  I  entered  the  locomotive  works  of  Niles  & 
Co.,  of  Cincinnati,  as  foreman  for  five  years  until  1857,  when 
I  accepted  service  as  Chief  Engineer  for  William  Sellers  & 
Co.,  of  Philadelphia,  then,  as  now,  engaged  in  building  ma- 
chine tools.  Thirty  years'  active  experience  in  machine 
tool  building  enables  me  to  speak  from  a  full  knowledge  of 
this  industry  and  what  machine  tools  have  done  for  the 
advance  of  the  mechanic  arts.  When  engaged  in  locomo- 
tive building  in  Cincinnati,  I  introduced  a  number  of  im- 
proved methods,  but  was  hampered  continually  for  the 
want  of  machine  tools  powerful  enough  to  do  the  work  as 
I  desired  it  done,  as  well  as  for  the  want   of  special   tools 
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not  then  available.  At  that  time  in  the  Eastern  cities  cer- 
tain machine  tools  were  being  built  with  success  and  were 
doing- far  better  work  than  it  was  then  possible  with  tools 
built  in  a  branch  of  the  locomotive  works  where  1  was  en- 
gaged. The  firm  of  Niles  &  Co.  had,  however,  some  repu- 
tation even  then  as  builders  of  machine  tools  and  sugar 
machinery,  but  it  was  not  until  the  retirement  of  the  origi- 
nal founders  of  the  house  that  the  works  became  devoted 
wholly  to  the  machine  tool  business.  At  the  time  I  speak 
of,  Blotters,  horizontal  boring  machines  and  lathes  of  var- 
ious kinds  and  quality  were  built  in  America  after  the  in- 
troduction of  the  planing  machine,  the  jfirst  one  of  which 
was  probably  introduced  into  the  city  of  Philadelphia  some 
time  about  1830. 

The  early  machine  tools  were  of  the  crudest  workman- 
ship, and  most  of  the  lathes  were  made  partly  of  wood.  In 
fact,  the  transition  from  wood  to  iron  in  the  construction 
of  machinery  was  in  progress  during  the  early  part  of  this 
century,  and  the  formation  of  the  tools  themselves  and 
much  of  the  machinery  built  at  that  time  involved  the  con- 
version of  structural  shapes  required  for  wooden  machines 
into  similar  shapes  in  metal.  In  the  first  change  from 
wood  to  metal,  architectural  shapes  and  ornamentation 
were  considered  desirable  to  make  machine  tools  and  other 
machinery  meet  what  seems  to  us  now  the  rather  barbaric 
taste  of  those  who  were  to  use  them.  The  same  might  be 
said  of  locomotives,  which  almost  up  to  the  sixties  were 
elaborately  decorated  with  paint,  polished  brass  and  scroll 
work.  England  gave  us  the  first  good  machine  tools,  and 
set  the  example  which  has  tended  to  simplicity  in  design. 
To  that  country  we  owe  much  that  is  valuable,  not  only  in 
the  direction  of  self-acting  machine  tools,  but  also  in  the 
various  appliances  for  improving  the  character  and  quality 
of  work  to  be  accomplished.  Thus,  Sir  Joseph  Whitworth, 
one  of  the  earliest  makers  of  superior  machine  tools  in 
England,  aimed  at  utility  and  not  ornamentation  in  the  im- 
provement of  his  products.  It  was  he  who  introduced  sur- 
face plates  for  producing  other  plane  surfaces  by  means  of 
the  scraper ;  that  is  to  say,  after  a  surface  had  been  made 
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comparatively  true  on  the  planing  machine,  it  had  yet  to 
be  brought  to  a  commercially  true  plane  by  a  process  of 
scraping  off  the  higher  projections,  until,  when  tested  by 
one  of  the  Whitworth  surface  plates,  it  seemed  to  touch  at 
intervals  of  not  more  than  \  inch. 

After  scraping  had  come  to  be  recognized  as  the  only 
means  of  making  true  plane  surfaces,  there  followed,  unfor- 
tunately, a  form  of  deception  that  exists,  I  am  sorry  to  say, 
not  only  in  America,  but  still  more  prominently  in  some  of 
the  copies  of  American  machine"  tools  produced  abroad, 
nameh'-,  the  practice  of  scraping  the  surface  without  any 
special  regard  to  the  purpose  for  which  the  operation  is 
intended,  but  rather  to  give  it  the  appearance  of  having 
been  carefully  fitted,  and  the  surface,  so  produced  was  very 
aptly  called  by  the  late  Mr.  William  B.  Bement,  of  Phila- 
delphia, "bedquilt  scraping."  The  parts  touched  by  the 
scraper  in  this  imitation  work  are  very  often  not  irregular 
in  design,  but  constitute  a  set  figure  or  pattern  which  cannot 
deceive  the  eye  of  those  familiar  with  good  work. 

Long  before  the  time  of  the  International  Exhibition  of 
185 1,  America  had  begun  to  take  her  place  in  machine  tool, 
building,  under  a  clearly  distinct  line  of  thought  that  was 
for  a  long  time  not  appreciated  in  other  countries.  When 
visiting  England,  in  1884,  I  was  shown  a  copy  of  an 
American  planer  adapted  to  planing  the  stub  ends  of 
connecting  rods  for  locomotives,  there  being  two  sets  of 
uprights  and  two  cross-heads  with  four  tool-holders  ad- 
justable in  position  to  enable  both  ends  of  two  connecting 
rods  to  be  planed  simultaneously.  The  American  tool  from 
which  the  ideA  was  taken  has  its  cross-heads  facing  one 
another,  and  the  table  is  speeded  to  run  back  and  forth  at 
the  same  rate  of  cut.  By  this  means  the  machine  is  made 
to  take  a  cut  at  each  forward  and  backward  movement  of 
the  table.  The  English  machine  had  its  tool  holders  facing 
in  one  direction,  and  all  four  cuts  were  taken  at  one  and  the 
same  time  only  when  the  table  was  running  forward,  no 
work  being  done  on  the  back  stroke.  The  power  of  the 
American  machine  was  therefore  double  that  of  its  English 
copy,  all  other  things  being  equal,  and  the  maker  was 
astonished  when  this  was  pointed  out  to  him. 
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This  one  example  shows  how  difficult  it  is  to  cop}-  the 
machinery  of  another  country  if  the  copyist  does  not  grasp 
the  controlling  idea  of  the  mind  that  gave  life  to  the 
original.  Instances  of  this  are  found  in  many  other  direc- 
tions where  American  contrivances,  having  obtained  a 
world-wide  reputation,  are  less  elhcient  in  the  foreign  copy 
than  in  the  original  production. 

The  planing  machine  is  an  invention  well  within  my  own 
experience.  In  the  beginning  it  had  the  platen,  upon  which 
the  work  is  fixed,  dragged  backwards  and  forwards  by  a 
chain.  The  first  planer  that  William  Sellers  &  Co.  pur- 
chased and  put  into  use  was  one  of  this  chain  pattern,  and 
one  was  introduced  in  my  father's  shops  when  he  undertook 
to  build  a  locomotive  in  1834.  At  the  time  of  the  Vienna 
Exposition,  where  machine  tools  from  Philadelphia  were 
exhibited,  the  engineers  sent  by  the  British  Government  to 
Vienna  to  note  the  progress  that  was  being  made  noticed 
the  broad  .feed  cut  on  all  the  planing  machines,  lathes  and 
tools  that  came  from  all  parts  of  America,  arid  remarked 
upon  it  as  "producing  good  effect,"  as  "  looking  well,"  etc., 
as  if  it  were  for  appearance  only,  not  knowing  that  it  was  a 
principle  that  had  been  established  in  America,  thoroughly 
understood  not  only  by  the  managers  of  the  works,  but  by 
workmen  all  over  this  country,  and  universally  adopted  as 
necessary  to  good  work. 

I  have  already  referred  to  the  slow  process  of  boring 
cylinders  for  pumping  engines.  When  the  early  locomotives 
were  built,  for  example,  in  the  Niles  Works,  in  1856,  the 
boring  of  the  cylinders  was  done  on  a  36-inch  lathe  with  a 
horizontal  boring  bar,  and  without  any  knowledge  as  to  the 
theory  of  boring  in  order  to  produce  the  best  results.  It 
always  took  two  days  to  bore  the  cylinder  of  a  locomotive 
of  the  size  in  use  at  that  time,  and  I  think  the  largest 
cylinders  were  not  over  15  inches  in  diameter.  In 
Philadelphia,  when  Baldwin's  had  advanced  to  a  very  large 
establishment,  they  still  bored  the  locomotive  cylinders 
in  the  same  way.  It  was  not  until  shortly  before  the  Cen- 
tennial Exhibition  of  1876  that  attention  was  turned 
towards  the  utilization  of  a  theory  that  had  obtained   in 
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limited  practice  some  years  before  as  to  the  improvement  in 
boring-  metals,  the  idea  being  that  the  quickest  and  best 
work  can  be  done  in  boring  by  making  the  roughing  cut 
with  a  fine  feed,  removing  as  much  metal  as  possible  by 
depth  of  cut,  and  making  the  finishing  cut  with  a  very 
broad  feed  but  light  cut  that  would  let  the  cutter  pass 
through  the  hole  to  be  bored  as  quickly  as  possible  so  as  not 
to  wear  the  cutting  edge  in  passage.  That  principle  was 
first  introduced  when  Mr.  Asa  Whitney,  of  this  city,  dis- 
covered that  chilled  cast-iron  car  wheels  could  be  made  to 
compete  with  the  best  wrought-iron  ones  and  do  a  greater 
mileage.  If  the  wheels  cast  in  an  iron  mould  were  not 
allowed  to  cool  naturally,  but  taken  red  hot  from  the  chill, 
were  put  into  the  annealing  furnaces  and  brought  up  to  a 
heat  a  little  below  the  melting  point,  and  then  allowed 
slowly  to  cool,  they  were  found  to  be  free  from  all  internal 
strains,  while  wheels  taken  red  hot  from  the  mould  would 
b'urst  into  three  or  four  pieces  in  cooling,  showing  that  there 
was  violent  internal  strain  in  metal  cast  in  that  way  under 
the  tension  of  the  heavy  chill  on  the  outside  of  the  trea.d  of 
the  rim.  The  problem  of  boring  chilled  wheels  was  solved 
by  taking  advantage  of  the  fine  roughing  cut  and  coarse 
finishing  feed.  Mr.  Whitney  desired  to  have  wheels  made 
interchangeable  in  their  fit  on  the  standard  axles,  so  that 
when  a  wheel  was  fitted  on  an  axle  at  a  workshop  in  Phila- 
delphia, another  wheel  could  be  furnished  to  fit  that  same 
axle  at  any  future  time,  and  just  as  well  as  the  first  one. 

When  the  late  Mr.  Hudson  had  charge  of  the  Rogers' 
Locomotive  Works  he  applied  to  the  firm  of  William  Sel- 
lers &  Co.,  to  have  a  special  locomotive  cylinder  boring  ma- 
chine designed  and  built,  saying  that  he  had  seen  a  boring 
machine  designed  by  Mr.  Grant,  of  the  Grant  Locomotive 
Works,  capable  of  boring  a  19-inch  cylinder  in  nine  hours. 
The  matter  was  referred  to  me,  and  when  I  came  to  calculate 
the  theoretical  time  required  for  boring  a  cylinder  of  the 
size  named,  on  the  supposition  that  the  speed  of  16  feet  per 
minute  might  be  used  in  making  the  cuts,  with  a  fine  feed 
and  a  deep  cut  for  the  roughing  cut,  and  a  shallow  cut  and 
a  much  wider  feed  for  the  finishing  cut,  I  found  that  the 
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estimated  time  amounted  in  all  to  only  three  hours,  and 
named  three  and  a  half  hours  as  not  only  possible,  but 
what  might  be  guaranteed  as  the  productive  output  of 
such  a  machine.  An  order  was  given  for  this  machine, 
it  being  understood  that  it  was  not  only  to  bore  the 
cvlinders,  but  to  counterbore  the  ends  for  the  clearance  of 
the  piston,  to  cut  off  the  sinking  head  and  face  up  the 
flanges  at  each  end  of  the  cylinder.  When  completed,  the 
first  test  was  made  with  a  19-inch  cylinder  of  hard  close 
meLal,  This  was  bored  in  three  hours  and  twenty  minutes, 
exclusive  of  the  time  of  setting  the  cylinder,  which  was  not 
much  on  account  of  the  peculiar  arrangement  of  the  ma- 
chine, and  the  facilit}'  with  which  the  cylinder  could  be  put 
in  place  for  boring.  In  this  case  the  cylinder  stood  still, 
while  the  boring  bar  travelled  lengthwise,  carrying  the 
cutter  head  with  it,  and  upon  the  two  face  plates  of  the 
driving  heads  of  the  machine  were  arranged  automatic 
slide  rests  that  faced  off  the  flanges.  In  this  design  there 
was  no  guesswork,  as  the  principle  of  fine  feed  and  deep 
cut  on  roughing,  with  very  coarse  feed  and  shallow  cut  for 
finishing,  was  in  common  use  in  all  operations  of  boring, 
turning  and  planing  metals,  with  exact  knowledge  as  to 
what  result  was  obtainable  when  the  possible  speed  of  cut 
per  minute  had  been  predetermined  for  the  hardness  of  the 
metal  to  be  tooled. 

Since  the  time  when  I  first  related  the  incident  of  the 
rod  planer  in  a  paper  published  by  me  in  the  Engineering 
Magazitie,  in  1892,  even  this  tool,  useful  as  it  is,  has  been 
superseded  almost  wholly  in  locomotive  works  by  improved 
milling  machines.  It  is  not  my  province  to  detail  step  by 
step  the  advance  that  has  been  made  in  machine  tool  build- 
ing, but,  as  stated  at  the  outset,  I  wish  to  make  this  indus- 
try illustrate  the  advance  in  the  mechanic  arts,  and  in  con- 
nection with  it  I  must  call  attention  to  the  relative  condition 
of  the  skilled  workmen  in  America  and  in  other  countries. 
We  owe  much  of  our  progress  to  our  common  school  sys- 
tem, to  our  freedom  from  precedent  and  to  our  just  patent 
laws.  I  do  not  wish  in  the  slightest  degree  to  decry  what 
has  been  done  abroad,  for  I  mvself  have  been  a  close  stu- 
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dent  of  the  progress  of  the  mechanic  arts  the  world  over, 
and  have  been  only  too  glad  to  recognize  and  avail  myself 
of  all  that  is  good  and  worth  adopting,  assuming  at  the 
same  time  that  improvement  is  possible  and  absolutely 
necessary  in  many  cases  to  adapt  the  machiner}'  designed 
abroad  to  the  conditions  that  obtain  in  American  work- 
shops. The  tendency  to  standardize  everything  is  peculiar 
to  this  country.  Builders  of  locomotives  in  America  adopt 
standard  sizes  and  types  of  locomotives,  and  are  thus  able 
to  manufacture  such  to  great  advantage.  Railroads  in 
America  are  willing  to  take  from  the  builders  what  has 
been  shown  to  be  good  and  effective,  and  when  the  same 
kind  of  machine  is  to  be  duplicated  many  times,  the  maker 
can  afford  to  invest  heavily  in  special  gauges  and  special 
tools  that  decrease  the  amount  of  manual  skill  required 
in  laying  out  the  work  or  working  to  drawings.  The 
first  time  a  piece  of  work  is  done,  whether  it  be  small 
or  large,  simple  or  complex,  more  time  is  spent  upon  it  than 
after  the  workmen  have  become  familiar  with  its  construc- 
tion, and  certainly  more  time  than-  would  be  required  after 
special  appliances  have  been  invented  and  made  to  cheapen 
the  product,  especially  when  the  men  are  paid  for  their 
work  according  to  the  quality  and  quantity  turned  out,  and 
not  by  a  fixed  wage  per  diem.  I  allude  to  this  because  I 
know  it  is  the  custom  of  foreign  railroads  to  submit  to 
builders  in  England  and  America  specifications  for  engines 
that  cannot  compete  in  economy  of  construction  with  those 
that  are  built  in  quantities  in  the  way  that  I  have  just  men- 
tioned. It  is  the  recognition  of  this  fact  that  is  now  open- 
ing the  markets  of  Europe  to  American  locomotives  as  they 
are  built  and  as  they  are  used  in  America.  A  celebrated 
builder  of  locomotives  in  England  told  me  that  the  rules  of 
the  Board  of  Trade  and  Parliamentary  regulations  for  the 
safety  of  the  people  crowded  their  locomotives  with  useless 
appliances.  A  close  observer  of  railroad  machinery,  w^ho  is 
familiar  with  the  principal  railroads  in  the  world,  has  stated 
that  if  a  locomotive  builder  abroad  is  given  a  new  problem, 
such  as  to  construct  a  hill-climbing  freight  engine,  or  a  goods 
engine  as  it  is  called  abroad,  or  even  an  express  passenger 
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engine  for  mountain  districts,  a  completed  machine  may 
be  the  result  that  is  a  model  of  strength  and  durability,  but 
inaccessible  in  the  extreme  when  ordinary  repairs  are  re- 
quired. It  is  easier  to  take  out  the  cylinders  in  an  American 
engine  and  replace  them  with  new  ones  than  it  is  to  reset 
the  valves  on  the  type  in  general  use  abroad,  where  the 
valve  chests  are  crowded  together  under  the  smoke-stacks 
as  though  they  would  never  require  adjustment  or  reset- 
ting. The  persistency  evinced  in  adhering  to  the  crank 
axle  in  English  engines,  in  spite  of  its  weakness,  is  one  of 
the  matters  not  understood  in  this  country.  Give  accessi- 
bility to  the  valves,  and  ready  access  to  all  the  parts,  and 
the  whole  engine  will  be  better  cared  for  by  those  in  charge 
of  it. 

It  has  been  the  scientific  methods  introduced  by  the 
managers  of  the  railroads,  aided  by  the  skill  and  perfect 
equipment  in  their  workshops,  that  have  made  those  great 
railway  S3'stems  what  they  now  are'r  They  must  exercise 
the  utmost  caution  in  all  that  they  undertake;  every  altera- 
tion or  deviation  from  adopted  standards  involves  so  many 
pieces  that  must  be  changed.  In  regard  to  the  simple  mat- 
ter of  making  brakeshoes  for  the  cars,  and  boxes  for  axle 
journals,  I  know  from  my  own  experience  that  it  was  not 
until  the  introduction  of  machines  for  moulding  these 
pieces  accurately  that  the  best  results  could  be  obtained 
and  the  parts  made  exact  and  perfectly  interchangeable. 
Every  invention,  whether  it  be  in  the  foundry  or  in  the  ma- 
chine shop,  is  cumulative,  and  has  its  effect  upon  ofher 
trades,  and  through  our  ingenuity  and  progress  we  have 
now  reached  a  point  when  the  whole  world  looks  to  Amer- 
ica for  certain  work  which  it  seems  cannot  be  done  to  equal 
advantage  in  other  countries. 

Dr.  John  Anderson,  then  in  charge  of  the  Woolwich  Ar- 
senal, England,  was  sent  to  this  country  to  visit  the  Cen- 
tennial Exhibition  in  1876,  and  besides  acting  as  one  of 
the  judges  of  the  machine  tool  exhibit,  he  made  an  oflficial 
report  as  British  Commissioner  to  both  houses  of  Parlia- 
ment. Prominent  in  these  reports  there  will  be  found  one 
on  "  Machines  and  Tools  for  Working  Metal,  Wood  and 
Vol.  CXLIX.    No.  889.  a 


1 8  Sellers:  fj.  F.  I., 

Stone  at  the  Philadelphia  Exhibition,"  in  which  the  follow- 
ing statement  occurs : 

"  Great    Britain   certainly  can    claim  the  credit  of  hav- 
ing  been    the   birthplace    of    modern    machine  tools,  and 
has    done    wonders    in    raising    the   mechanical    standard 
of  perfection,  and  her  influence  for  good  in   the  advance 
of  civilization  thereby  is  incalculable ;  but  when  we  con- 
sider the  enormously  greater  area   of  the   American  conti- 
nent, it  is  a  matter  of  vast  importance  that  tools  have  taken 
such  a  hold  of  the  American  mind,  which  will  influence  the 
civilization  of  the  Western  world  for  ages  to  come,  and  will 
exercise  a  powerful  effect,  not  only  on  that  continent,  but  on 
Australia,  China  and  the  world  generally."     This,  therefore, 
has  a  profound  significance  which   can    scarcely  be   over- 
rated.    Again  he   said:     "The    display   of   machine    tools 
made  by  the  United  States  was  so  vast  that  only  the  more 
salient  points  can  be  noticed  in  a  brief  report.     It  showed 
certainly  that  the  past  century  has  not  been  passed  in  idle- 
ness, and,  judging  by  the  enormous  stride  made  by  them 
during  the  past  few  years,  it  showed  that  they  have  been 
intelligent  students  of  the  best  European  authorities.     It  is 
true  to  say,  however,  that  the  Americans,  as  a  rule,  are  not 
copyists ;  the  inventing  of  clever  devices  and  tools  for  sav- 
ing labor  seems  to  be  their  natural  forte,  and  worthy  of  the 
old  stock,  probably  quickened  by  the'  peculiarly  favorable 
circumstances  under  which  they  live.     It  was  the  display 
made  in  this  section  which  most  conspicuously  brought  out 
the  enormous  strength  of  America  as  a  producing  power. 
More  than  a  hundred  exhibitors  had  each  a  large  exhibit 
that  commanded  the  admiration  of  all  who  took  the  trouble 
to  examine  them  in  detail.     In    this  vast  array  were  ma- 
chines for  all  purposes,  small  arms,   ammunition,    sewing 
machines,  clocks,  watches,  and  all  the  branches  of  machine- 
making  and  engineering,  and  almost  all  were  finished  in  a 
style  superior  to  that  of  any  former  exhibition." 

In  the  engineering  practice  of  the  first  quarter  of  this 
century,  scientific  methods  did  not  obtain.  There  was  little 
technical  literature  to  help  the  designer,  and  the  best  results 
which   have   made   American    ingenuity    appreciated    the 
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world  over  were  brought  about  through  careful  experiments 
and  earnest  effort  on  original  lines.  The  history  of  the 
steam  engine,  so  far  as  the  American  types  are  concerned, 
was  clearly  not  the  outcome  of  the  books,  for  what  is 
thus  taught  under  the  head  of  thermo-dynamics  is  really  a 
description  of  what  had  been  accomplished,  rather  than  the 
cause  of  the  development.  The  need  of  technical  educa- 
tion was  early  felt,  but  the  want  was  not  supplied  until  the 
generosity  of  individuals  rendered  the  foundation  of 
technical  schools  possible.  The  Government  cannot  be 
looked  upon  to  aid  in  such  institutions  in  the  United  States 
as  it  can  in  England,  yet  up  to  1884  in  London  there  was  no 
technical  school  in  existence  that  in  any  way  compared 
with  those  at  Hoboken  and  Boston  in  this  country,  besides 
which  engineering  is  now  taught  in  our  universities.  At  a 
dinner  given  to  the  members  of  the  Institution  of  Civil 
Engineers,  in  1884,  Sir  Lyon  Playfair,  in  responding  to 
the  toast  of  "  The  Universities  of  Scotland,"  after  those  of 
England  had  already  been  discussed  by  able  speakers, 
astonished  his  audience  by  refusing  to  speak  to  the  toast 
directly,  and  entered  a  strong  plea  for  technical  education 
in  England  such  as  existed  at  that  time  in  the  United 
States.  He  said  they  should  not  look  to  Germany  and 
France  for  the  examples  of  technical  schools,  but  across  the 
Atlantic,  where  those  speaking  their  own  language  had  al- 
ready put  into  practice  what  England  had  so  long  needed. 
While  the  speaker  was  doubtless  correct  as  to  the  wants  at 
that  time  in  Great  Britain,  the  technical  school  of  South  Ken- 
sington was  then  being  organized,  and  the  guilds  of  Lon- 
don had  contributed  freely  toward  its  support.  Good  work 
had  been  done  by  this  and  other  schools,  and  by  the 
trade  schools  that  have  been  established  in  various  parts 
of  England. 

We  are  long  past  the  period  of  empirical  work.  The 
steel  makers  and  iron  founders  now  depend  upon  metallur- 
gists to  guide  them,  while  every  well-equipped  machine 
shop  in  the  country  must  have  its  staff  of  educated  men 
who  are  able  to  reinforce  the  practical  knowledge  of  those 
^^gaged  in  manufacturing  by  exact  mathematical  methods 
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that  in  the  early  stages  of  our  profession  were    limited  to 
simple  arithmetic. 

As  indicative  of  the  necessity  of  education  on  the  part 
of  the  working-  classes,  I  have  known  instances  in  which 
labor  saving  machinery  that  was  cheapening  the  output  in  a 
particular  class  of  hardware,  when  introduced  in  America, 
into  England,  failed  entirely  and  brought  discredit  to  the 
member  of  the  firm  who  had  advised  its  purchase.  A 
gentleman  interested  called  upon  me  afterwards  and  solicited 
letters  enabling  him  to  visit  some  of  the  industrial  establish- 
ments in  the  United  States.  Upon  his  return  from  these 
places  he  told  me  that  all  that  had  been  said  about  the  char- 
acter of  the  work  done  by  the  machinery  in  question,  not 
only  had  been  confirmed,  but  that  its  merits  had  been  under- 
estimated. He  said,  however,  that  in  his  opinion,  it  was 
impossible  to  utilize  it  to  advantage  with  the  workmen  in 
England,  owing  to  trade  prejudice  and  trades  union  regula- 
tions. What  the  peculiar  conditions  were  I  am  unable  to 
say,  but  what  I  wish  particularly  to  impress  upon  my 
hearers  in  this  respect  is  that  in  his  opinion  the  difference 
in  the  character  of  our  workmen  and  workmen  of  the 
same  trades  in  England  is  wholly  due  to  the  better  educa- 
tion of  the  Americans,  who  are  fully  two  generations  ahead 
of  those  abroad.  It  is  perfectly  evident  that  it  is  impossible 
to  raise  the  standard  of  work  by  means  of  labor-saving 
machinery  unless  the  workingmen  themselves  will  see  the 
advantage  derived  from  their  ability  to  do  more  and  better 
work,  and  thereby  obtain  better  wages.  This  is  particularly 
the  case  when  they  are  called  upon  in  this  country  to 
operate  machines  that  do  not  require  constant  attention, 
but  where  it  is  possible  for  one  man  to  attend  several  ma- 
chines and  earn  higher  wages  than  he  possibly  could  if 
compelled  to  stand  idly  watching  a  machine  that  required 
but  a  small  portion  of  his  time  to  operate.  There  would 
be  no  inducement  to  contrive  automatic  machinery  unless 
those  who  use  such  machinery  are  able  without  prejudice 
to  take  advantage  of  the  saving  in  labor  attainable  thereby. 
Ship-building  all  over  the  world,  since  the  first  iron  ves- 
sels were  launched,  shows  by  the  constantly  improved  out- 
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put  the  wonderful  progress  in  scientific  knowledge,  and  in 
manual  as  well  as  technical  skill.  The  great  fighting 
machines  for  the  ocean  have  been  improved  with  astonish- 
ing rapidity.  This  year  our  own  output  in  that  line  has 
for  the  first  time  been  tested  and  found  good,  when  handled 
by  men  of  whom  we  as  a  nation  may  feel  proud.  The 
nations  have  been  increasing  the  power  of  their  fighting 
ships  year  by  year,  adding  new  improvements  in  machinery, 
new  means  of  resisting  attack  from  other  ships,  new  guns 
and  newer  projectiles  to  pierce  the  new  armor  plate,  and  let 
us  hope  with  decreasing  opportunity  to  bring  the  results  to 
actual  test  in  battle.  In  our  own  recent  experience,  prac- 
tice at  great  cost  found  our  trained  marine  force  better 
equipped  for  the  operation  of  these  fighting  machines,  and 
ill  the  far  East  and  in  the  West  Indies  our  guns  swept  a 
maritime  power  out  of  existence  with  upon  our  part  scarce 
the  loss  of  a  man. 

In  working  iron  and  steel  the  introduction  of  the  Whit- 
worth  forging  press  marked  an  important  advance  com- 
pared with  the  costly  steam  hammers,  and  hydraulic  presses 
became  absolutely  essential  in  perfecting  the  American  type 
of  link  and  pin  bridge  construction.  Some  of  the  forgings  re- 
quired for  the  5,ocxD  horse-power  dynamos  needed  by  the  Ni- 
agara Falls  Power  Company  could  not  have  been  executed 
by  means  of  any  existing  steam  hammer  in  this  country  or 
elsewhere,  and  the  Bethlehem  Steel  Company  were  the  first  to 
introduce  this  system  of  forging  on  a  large  scale.  Forging  by 
pressure  in  place  of  impact  by  hammers  enables  the  force 
required  to  cause  a  given  deformation  of  metal  to  be  ac- 
complished with  the  least  expenditure  of  power  and  greater 
exactness,  as  was  soon  manifested  in  the  readiness  with 
which  hollow  shafts  were  produced.  About  1893,  the  work 
at  Niagara  Falls  called  for  steel  rings  of  absolutely  uniform 
density,  having  an  outside  diameter  of  1 1  feet  4  inches,  with  a 
width  on  the  face  of  approximately  50  inches,  and  a  thick- 
ness of  over  5  inches,  which  necessitated  the  use  of  a  press 
of  greater  capacity  than  any  heretofore  erected.  The  press 
at  Bethlehem,  combined  with  the  Whitworth  system  of  com- 
pressed steel  ingots,  was  taxed  to  its  utmost  to  make  what 
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was  needed  in  this  case.  It  is  interesting  to  note  that  this 
work  was  the  first  product  of  machinery  introduced  mainly 
to  furnish  armor  plates  and  the  massive  steel  forgings 
needed  for  our  modern  ships  of  war. 

The  plant  of  the  Niagara  Falls  Power  Company  offers  evi- 
dence enough  of  the  remarkable  progress  that  has  been  made, 
not  only  in  the  mechanic-arts,  but  in  the  high  scientific  ability 
required  to  design  machines  that  had  no  precedent  in  size 
or  in  exact  requirements  as  expressed  in  the  specifications 
predetermining  each  requirement  as  to  the  results  to  be  ac- 
complished. Thus  the  designers  of  the  dynamos  were 
called  upon  to  guarantee  an  output  from  each  unit  of  power 
with  so  high  an  efficiency  that  all  the  magnetic  and  electric 
losses  in  the  machine  would  not  amount  to  over  2^  per  cent. 
This  requirement  was  fulfilled,  and  when  subsequent  rrfa- 
chines  were  installed,  the  result  was  even  more  favorable 
than  in  the  first  instance.  The  final  result  is  the  crucial  test 
of  all  progress,  and  certainly  we  have  in  those  of  our  indus- 
tries which  require  mechanical  skill  sufficient  evidence  of 
the  marvellous  progress  that  has  been  achieved  during  the 
past  seventy-five  years. 

As  I  have  taken  occasion  to  mention  the  work  at  Niagara 
Falls,  which  has  engaged  so  much  of  my  attention,  it  may 
interest  those  who  are  not  familiar  with  the  results  of  this 
undertaking  to  hear  something  further  in  regard  to  it,  At 
Niagara  Falls  we  had  for  the  first  time  to  construct  a  tun- 
nel that  would  be  adapted  as  a  tail  race  to  the  development 
of  100,000  horse-power.  The  International  Niagara  Commis- 
sion had  decided  that  5,000  horse-power  was  to  be  the  unit, 
and  the  plant  was  accordingly  laid  out  on  this  basis.  It 
was  assumed  that  water-wheels  could  be  made  of  that  capa- 
city and  could  be  placed  1 50  feet  below  the  level  of  the 
dynamos  to  be  operated,  where,  as  one  of  the  Commissioners 
suggested,  the  length  of  shaft  would  be  about  the  same  as 
between  the  propeller  and  engines  of  an  ocean  steamship. 
In  the  practical  solution  of  this  problem  we  were  obliged  to 
have  similar  thrust  bearings  to  guide  the  shaft,  but  the 
construction  of  the  turbines  is  such  that  the  water  under 
the  upper  wheel  of  the  two  in  the  case  is  made  to  support 
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the  whole  mass  of  about  i6o,cmdo  pounds.  The  dynamo  at 
the  upper  end  of  the  shaft,  therefore,  practically  spins  on  a 
cushion  of  water  with  only  a  pressure  of  3,c»oo  more  or  less 
on  the  thrust  bearing  rings,  according  to  the  variations  in 
the  velocity  as  the  power  developed  is  increased  or  de- 
creased. 

It  is  too  large  a  subject  to  permit  me  to  refer  in  detail  to 
all  of  the  work  that  had  to  be  done  at  Niagara  Falls,  but  I 
want  to  say  that,  while  our  constant  effort  has  been  to  inter- 
est the  manufacturers  of  machinery  to  make  designs  that 
they  could  guarantee,  a  great  deal  of  designing  has  been 
necessary  by  the  engineers  of  the  company,  most  of  which 
was  experimental,  and  that  no  failures  should  have  been 
experienced  is  most  satisfactory,  when  I  realize  how  little 
precedent  we  had  to  guide  us,  and  the  risk  attending  the 
solution  of  the  problem  as  it  was  presented  to  me. 

The  first  three  turbines  that  were  installed  in  accordance 
with  the  design  of  the  builders  had  to  be  materially  altered, 
and  I  have  introduced  improvements  of  my  own  invention 
to  enhance  their  efficiency  as  far  as  the  shaft  transmission 
is  concerned.  These  modifications  were  made  in  the  five 
units  that  were  subsequently  installed,  and  without  any 
change  in  the  water-wheels,  the  efficiency  was  increased  so 
that  they  delivered  5,500  electrical  horse-power  each,  instead 
of  5,300  horsepower,  which  was  the  output  before  the 
changes  were  made. 

As  now  constructed,  all  the  electrical  and  magnetic  losses 
in  each  of  the  dynamos  aggregate  but  2^  per  cent.,  and  you 
can  judge  what  the  efficiency  of  the  water-wheels  must  be 
when  those  which,  at  75  per  cent,  efficiency,  would  give 
5,300  horse-power,  are  now  driving  dynamos  that  deliver 
5,500  horse-power  without  any  changes  in  the  wheel,  but 
only  such  alterations  in  seemingly  immaterial  parts  as  the 
design  of  the  connection  between  the  water-wheels  and  the 
dynamos. 

As  regards  the  utilization  of  the  power  being  developed 
at  Niagara  Falls,  it  may  interest  you  to  note  that  we  hope 
shortly  to  have  ten  dynamos  running,  each  of  5,000  horse- 
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power  nominal  capacity,  but  actually  capable  of  delivering 
over  5,000  horse-power  each. 

The  first  industry  established  in  connection  with  the 
plant  was  a  paper  company,  which  required  7,200  horse- 
power, but  it  installed  its  own  wheels  on  land  of  the  Power 
Company,  and  utilized  the  latter's  tunnel  and  canal  facilities. 
Next  followed  the  Pittsburg  Reduction  Company,  which 
takes  8,550  electrical  horse-power  for  the  manufacture  of 
aluminum.  The  Carborundum  Company,  for  making 
abrasives,  takes  1,030  electrical  horse-power.  The  Union 
Carbide  Company,  5,000  electrical  horse-power,  for  the  man- 
ufacture of  carbide  of  calcium.  The  Niagara  Rlectro-Chem- 
ical  Company,  making  peroxide  of  sodium,  that  is,  metallic 
sodium,  takes  400  electrical  horse-power.  These  and  other 
works  now  in  operation  or  being  installed  will  utilize, 
possibly  by  the  first  of  next  year,  a  total  of  41,000  horse- 
power. Most  of  these  establishments  are  electro-chemical 
or  metallurgical  in  their  processes,  and  have  sprung  into 
existence  with  the  development  of  hydro-electric  power, 
although  they  are  based  upon  principles  which  were  dis- 
covered years  ago.  The  metal  sodium,  for  example,  is 
made  commercially  by  practically  the  same  process  as  was 
employed  by  Sir  Humphrey  Davy  when  he  first  began 
experimenting  with  the  galvanic  battery  for  the  reduction 
of  metals.  The  alternating  current  that  has  been  adopted 
in  the  machines  that  generate  this  electricity  is  the 
alternating  current  as  studied  by  Michael  Faraday.  The 
change  in  the  potential  from  2,200  volts  at  the  machine  to 
11,000  volts  in  transmission  is  effected  by  the  transformers 
that  were  discovered  by  Faraday,  and  were  formerly  used 
chiefly  in  Ruhmkorff  coils  and  other  philosophical  instru- 
ments. The  principle  as  known  then  became  useful  for 
lighting  purposes  when  the  alternating  current  took  its 
place  in  the  lighting  of  cities. 

In  the  problem  presented  at  Niagara  Falls  we  had  to 
provide  for  direct  current  to  operate  railroads  and  for 
electro-metallurgical  purposes.  This  power  is  developed  as 
alternating  current,  and  transformed  from  2-phase  into  3- 
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phase  by  an  invention   of  Mr.  C.  F.  Scott,  of  the   Westing- 
house  Company. 

It  is  a  noteworthy  fact  that,  since  the  first  wheels  were 
started  in  1895,  there  have  been  no  stoppages  of  more  than 
an  hour  or  two  at  the  most.  The  plant  has  been  in  opera- 
tion night  and  day,  carrying  on  processes  that  permit  of  no 
interruption  on  account  of  the  loss  which  would  result. 

I  regret  that  I  cannot  discuss  this  subject  at  greater 
length,  for  the  machinery  and  appliances  installed  at 
Niagara  Falls,  as  well  as  the  industries  which  have  resulted 
from  the  development,  have  made  the  enterprise  one  of  the 
important  achievements  of  the  period  we  have  under  con- 
sideration. 

Reviewing  the  century's  progress,  one  cannot  but  be  im 
pressed  with  the  tendency  to  specialize  all  industries.  It 
has  been  truly  said  that  jobbing  shops  are  and  always  will 
be  a  necessity,  but  that  manufacturing  establishments  will 
lead  in  the  march  of  improvement.  Trades  are  becoming 
more  diversified,  and  time,  talent  and  capital  are  being  ex- 
pended upon  individual  machines  and  appliances  as  special 
which  were  formerly  but  a  part  of  the  output  of  single  estab- 
lishments. To  this  concentration  of  the  best  thought  upon 
special  branches  of  all  industries  we  may  attribute  much 
of  the  progress  in  the  mechanic  arts  made  during  the  past 
seventy-five  years,  which  has  opened  the  markets  of  the 
world  to  the  products  of  our  industry.  The  influence  of 
the  Franklin  Institute  has  played  no  small  part  in  this 
progress,  and  as  one  long  identified  with  its  work,  I  extend 
my  greeting  to  its  members,  hoping  they  will  continue  to 
advance  the  usefulness  of  an  institution  which  worthily 
bears  the  name  of  one  of  the  greatest  philosophers  that 
America,  and  the  world,  has  produced. 
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Stated  Meeting,  held  T/iursday,  November  g,  i8gg. 

The  pressing  of  STEEL;  with  ESPECIAL  REFER- 
ENCE TO  ECONOMY  IN  TRANSPORTATION. 


By  Henrik  V.  Loss,  M.E. 


{Concluded from  vol.  cxlviii,  p.  473.) 


THE   THIRD   SYSTEM. 

When  considering  the  system  of  closed  dies,  these  latter 
can  be  divided  into  three  divisions  or  methods  of  applica- 
tion, namely  : 

(i)  All  dies  to  be  fixed  and  stationary,  having  only  the 
upsetting  plunger  movable. 

(2)  The  surrounding  dies  to  be  partly  movable  and 
partly  stationary. 

(3)  The  surrounding  dies  to  be  all  movable. 

In  the  early  history  of  upsetting  materials,  the  first 
method  was  the  one  generally  used,  and  it  has  been  quite 
commonly  adopted  even  up  till  to-day.  Its  great  trouble 
lies  in  the  fact  that  the  necessary  power  to  accomplish  a 
certain  work  is  very  excessive,  with  a  correspondingly 
heavy  wear  and  tear  of  the  dies.  This  necessary  power  is 
especially  demanded  at  the  end  of  the  stroke  when  the  dies 
are  to  be  filled  at  some  point  farthermost  away  from  the 
upsetting  plunger.  When  upsetting  rounds  on  square  or 
round  bars,  it  is  a  well-known  fact  that  the  power  necessary 
to  form  a  good  neck  is  very  great.  In  all  upsetting  it  is  a 
law  that  the  material  will  flow  near  the  moving  parts,  which, 
with  this  method,  means  near  the  moving  plunger,  and  the 
further  any  stationary  part  is  away  from  this  moving  plun- 
ger, the  slower  is  the  material  to  flow  at  this  point ;  and  the 
more  power  does  it  naturally  take  to  fill  the  dies  at  this  re- 
mote place.  If,  during  the  upsetting  of  a  bar  by  this  method, 
the  latter  is  taken  out  of  the  die  with  the  stroke  half  done, 
it  will  be  seen  that  the  metal  is  heavily  upset  near  the 
plunger,  but  also  that  very  little  work  has  been  done  at  the 
neck.  Hence,  a  system  of  dies  based  upon  this  first  division 
requires  a  maximum  amount  of  power  to  accomplish  a 
given  work.     (See  Fig.  8^ 
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There  is  one  application  of  this  method  which  is  in  gen- 
eral use  today — to  be  sure  with  some  additional  modified 
requirements— and  represents  a  case  where  any  other  sys- 
tem would  appear  to  be  impossible,  namely,  the  operation  of 
riveting.  The  stationary  dies  are  represented  by  the  plates 
to  be  joined  together,  but  the  rivet  hole  must  be  filled  up. 
An  additional  requirement  lies  in  the  demand  for  a  well- 
filled  good  rivet  head  ;  but  the  hardest  work  is,  after  all,  to 
fill  the  hole. 

Fig.  g  represents  indicator  cards  of  f-  and  |-inch  rivets. 
As  clearly  seen,  hardly  any  work  is  done  during  the  early 
part  of  the  stroke,  while  at  the  finish  the  pressure  rises  very 
fast.  The  cards  were  taken  on  bridge  work,  and  the  results 
in  figures,  as  given  below,  represent  the  necessary  powers  for 


Fig.  8. 

rivets  of  great  lengths  and  only  fairly  matches  holes.  The 
total  thickness  of  plates  corresponding  to  the  above  cards 
was  i^  inches  or  more.  It  is  the  sliding  of  the  material 
against  the  more  or  less  rough  surfaces  far  away  from  the 
die  holder  which  requires  the  great  power  used  in  bridge 
riveting,  as  compared  to  boiler  work.  The  average  results 
from  a  series  of  cards  were  as  follows  : 

The  power  necessary  to  complete  the  heads  on  J-inch 
and  |-inch  rivets  is  about  60  to  70  tons,  when  working  on 
such  grips  as  mentioned  above. 

The  necessary  energy  in  foot-pounds  for  f-inch  rivets  is 
7,200,  and  for  a  |-inch  rivet,  9,500,  or  as  in  the  proportion 
to  the  squares  of  the  diameters. 
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With  the  view  of  showing  the  vastly  improved  results 
which  can  be  obtained  with  short  rivets  and  well-reamed 
holes,  I  shall  attach  some  data  derived  by  Mr.  Vauclain, 
superintendent  of  the  Baldwin  Locomotive  Works,  on  boiler 
plates.  They  form  part  of  a  discussion  delivered  before  the 
Engineers'  Club  of  Philadelphia  a  few  years  ago,  and  are  as 
follows : 


■«»MMf-tMtfTiriirHr 


^-inch  rivet. 
2)^-inch  material. 
67  tons  on  rivet. 


58  per  cent,  impact. 

Ace,  1225. 

2  >^ -inch  stroke. 


22  per  cent,  efficiency. 
Fig.  9. 

The  suitable  pressures  for  well-fitted  boiler  work  are: 
For  f-inch  rivets,  25  tons;  for  f-inch,  33  tons;  for  ^-inch, 
50  tons;  for  i-inch,  66  tons;  for  i^-inch,  75  tons;  and  for  i^- 
inch,  100  tons. 

Some  experiments  were  made  by  the  William  Sellers 
Company,  Inc.,  on  the  question  of  cold  riveting,  and  the 
results  were  in  part  laid  before  the  Engineers'  Club  of  Phila- 
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delphia,  through  some  notes  presented  to  that  body  on 
November  18,  1894,  bv  Mr.  Wilfred  Lewis.  He  estimates 
about  300,000  pounds  per  square  inch  of  rivet  section  as 
being  necessary  to  upset  the  rivet  and  form  the  head. 

It  is  undoubtedly  true  that  the  last  pressure  is  concen- 
trated upon  the  rivet  head,  and  that,  hence,  the  diameter  of 
head  enters  to  some  extent  when  having  to  decide  the  total 
amount  of  power  necessary  to  drive  a  rivet.  But  as  the 
standard  of  rivet  heads  does  not  vary  very  much  between 
the  different  makers,  it  is  thus  possible  to  use  the  rivet 
diameters  as  a  basis  of  computation.  Again,  the  resistance 
existing  along  the  circumference  of  the  rivet  hole,  when 
filled,  will  certainly  be  transmitted  through  the  body  of  the 
rivet  back  to  the  tool  holder,  independent  of  that  part  of 
the  head  which  is  outside  of  the  rivet  and  forms  the  collar. 

A  summing  up  of  this  division  means  an  early  flow  with 
comparatively  small  stresses,  all  concentrated  near  the  mov- 
ing plunger,  this  to  be  followed  by  rapidly-increasing  resist- 
ances towards  the  end  of  the  stroke,  accompanied  by  a  slow 
flow  at  the  remote  parts. 

The  next  step  represents  the  resistance  to  flow  in  dies 
which  are  partly  movable  and  partly  stationary.  When  en- 
tering upon  the  question  of  movable  dies  an  entirely  new 
feature  is  brought  into  play,  namely,  the  upsetting  or 
dragging  tendency  of  the  surfaces  of  the  movable  parts, 
outside  of  the  plunger  itself.  The  effect  of  this  is  natur- 
ally beneficial,  especially  so  if  the  moving  dies  extend  far 
towards  the  stationary  neck,  causing  thus,  at  this  remote 
point,  a  flow  which  means  directly  that  much  power  saved 
(as  compared  to  the  absolutely  stationary  method)  when  the 
final  squeeze  or  pinch  is  required.  The  methods  of  movable 
or  partly  movable  dies  can  be  applied  to  almost  any  form  of 
upsetting,  and  the  principles  involved  hold  good  for  all ; 
but,  as  a  means  of  illustration,  I  shall  simply  show  the  re- 
sults as  derived  in  the  upsetting  of  eye-bars  for  bridges. 
The  neck  dies  are,  of  course,  always  stationary,  the  semi- 
circular plunger  being  always  movable,  while  the  remaining 
top  or  bottom  dies  will  vary  according  to  the  system  applied. 
If  they  were  stationary,  the  criticism  of  the  first  system  has 
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shown  the  necessary  power  to  be  excessive,  and  the  present 
practice  discarded  them  long  ago  ;  but  if  they  are  arranged 
to  be  stationary  on  bottom  and  movable  on  top,  the  flow  of 
metal  can  be  best  illustrated  by  Fig.  lo,  which  shows  the 
form  of  a  bar  half  upset  and  removed  from  the  machine. 
The  plunger  has  upset  the  back  part,  while  the  moving  top 
die  has  dragged  the  metal  along  and  upset  the  neck.  An 
indicator  card  showing  the  power  necessary  for  this  division 
is  seen  on  Fig.  ii. 

More  work  is  here  done  during  the  early  process  of  the 
stroke  as  compared  to  what  existed  with  the  absolutely 
stationary  dies,  but  even  so  the  final  maximum  ordinates 
are  very  great  in  proportion  to  the  earlier  dimensions. 

The  summing  up  of  this  division  means  a  more  uniform 
flow  throughout  the  stroke,  followed  by  a  tendency  towards 
a  more  even  distribution  of  pressures. 


Per/tor  £yt   -  4cei/m.  Load  •  lSOO}t>s. 

~"i36o  !bs. 


Fig.  io. 


A/eon  Pr.  —355/bs 

Fig.  II. 


■  The  third  and  last  division,  having  all  movable  dies, 
represents  an  improvement  upon  the  former  two,  inasmuch 
as  the  dragging  tendency  of  the  surrounding  dies  is  here 
brought  into  play  to  the  greatest  possible  extent.  Hence 
the  distribution  of  flow  and  pressures  during  any  one 
stroke  is  more  uniform  than  with  the  former  methods. 
Again,  let  a  bridge  eye-bar  illustrate  this  assertion.  Fig.  12 
shows  a  bar  partly  upset,  and  the  striking  feature  of  this 
sketch  is  the  fact  that  the  most  remote  parts  from  the  plunger  or 
header  are  the  very  first  parts  to  upset.  An  indicator  card  of 
this  division  is  represented  by  Fig.  ij,  which  also  shows  the 
great  amount  of  work  done  during  the  early  stages  as  com- 
pared to  the  two  former  methods. 
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Of  course  an  allowance  must  be  made  in  all  upsetting 
■cards  for  the  extra  amount  of  power  necessary  to  form  sharp 
edges — a  power  which -always  manifests  itself  at  the  end  of 
the  stroke,  and  which  therefore  gives  somewhat  of  a  false 
idea  as  to  the  general  average  resistance  offered  to  the  flow 
of  the  metal  during  the  process. 

This  third  division  represents  undoubtedly  the  ideal 
manner  of  upsetting  materials,  and  while  it  has  hitherto 
been  applied  only  to  a  limited  extent,  I  think  such  has  been 
due  entirely  to  a  want  of  knowledge  of  the  general  flow  of 
metals.  The  very  fact  that  a  result  can  be  obtained  by  this 
construction  with  very  much  less  power  than  by  any  other 
method — and  also  that  offsets,  far  away  from  the  upsetting 
plunger,  can  be  filled  with  a  degree  of  sharpness  obtainable 


Fig.  12. 
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with  no  other  system 
application. 

One  more  important  branch  of  this  third  system  is  repre- 
sented by  the  process  of  flanging.  The  great  majority  of 
work  of  this  kind,  if  heavy,  is  preferably  done  under  the 
hydraulic  press  instead  of  under  the  hammer,  and  the 
application  of  flanged  work  is  daily  becoming  more  and 
more  general,  superseding  riveted  or  cast  sections  wherever 
at  all  possible.  The  general  work  can  be  divided  into  two 
classes,  namely,  hot  and  cold  flanging. 

Cold  flanging  is  generally  confined  to  the  thinner  sizes, 
Y^g-  inch  or  f  inch  being  the  greatest  dimensions  usually  con- 
sidered safe  to  be  so  treated.  In  all  flanging  the  greatest 
effort  is  to  edge  the  plate,  that  is,  to  sharpen  the  corners  or 
bends  and  take  out  wrinkles. 
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Fig.  14  shows  a  typical  indicator  diagram  of  the  flanging 
of  the  center  part,  about  17  feet  in  length,  of  a  sill  for  a 
steel  car.  The  material  was  y\  inch  in  thickness,  and  the 
body  of  the  sill  was  channel-shaped,  having  a  flange  at 
top  and  bottom. 

A  number  of  cards  have  been  taken  from  cold  work,  and 
the  average  results  can  be  summed  up  as  follows : 

Pressure  per  running  inch  to  flange  ^  inch  thick  70,000 
pounds  steel,  600  to  740  pounds. 

Pressure  per  running  inch  to  flange  y^  inch  thick  70,000 
pounds  steel,  710  to  750  pounds. 


Cross-section  of  sill  P.  R.  R.  car — 

17  feet  long. 
j\  inch  thick.  Two  3j^-inch  flanges. 

Scale:  i  inch  =  752  pounds. 


Maximum  pressure  =  940  pounds 

per  square  inch. 
Maximimi  pressure   at    x    =  330 

pounds  per  square  inch. 
To  lift  table   =   120  pounds  per 

square  inch. 
Maximum  back  pressure  =    190 

pounds  per  square  inch. 
Minimum    back   pressure    =    90 

pounds  per  square  inch. 

Fig.  14.— Cold  work. 

Pressure  to  edge  ^  and  y^e  ii^ch  thick  70,000  pounds 
steel,  2,500  to  5,800  pounds  per  running  inch. 

Whatever  variation  exists  in  doing  the  actual  flanging 
is  no  doubt  due  to  the  variation  in  the  steel,  as  the  material 
upon  which  the  experiments  were  made  was  allowed  some 
latitude  both  physically  and  chemically.  As  to  the  varia- 
tion in  edging,  however,  this  is  mainly  due  to  the  differ- 
ence in  radius  of  curves  and  general  shape  of  work. 

When  flanging  hot  materials  it  is  difficult,  if  not  im- 
possible, to  determine  the  exact  pressure  per  running  inch 
to   do  the  work,  because  invariably  a  certain  amount  of 
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stretch  accompanies  the  process.  In  fact,  in  many  in- 
stances the  necessity  for  doing  so  determines,  in  spite  of 
any  thickness,  the  question  as  to  whether  the  material 
shall  be  treated  hot  or  cold.  With  hot  work,  wrinkling 
or  waving  is  also  a  strong  factor  which  has  to  be  con- 
sidered. A  number  of  experiments  were  made  on  some 
i"»  rV  ^^^  i-inch  plates,  all  heated  to  a  bright  red,  and  the 
resulting  figures  were  as  follows : 

Pressure  necessary  to  bend  the  plate  and  commence  the 
actual  flanging  varies  from  185  pounds  per  running  inch  for 
^-inch  material  up  to  380  pounds  for  ^-inch. 

Pressure  necessary  to  complete  the  flange  and  sharpen 
corners  varies  from  2,100  pounds  per  running  inch  for 
J-inch  material  up  to  2,700  pounds  for  the  larger  thicknesses, 
depending  greatly,  as  a  matter  of  course,  upon  the  tempera- 
ture of  the  plate. 

Pressure  necessary  to  remove  waves  or  wrinkles  on  a 
flanged  surface  =  about  1,400  pounds  per  square  inch  of 
waved  surface.  The  latter  represents  such  cases  where  the 
wrinkles  are  not  of  exceptionally  heavy  amplitude. 

The  middle  figures,  namely,  2,100  to  2,700,  contain  also 
the  power  necessary  to_  overcome  a  certain  amount  of 
stretch  incident  to  the  process. 

The  energy  consumed  in  flanging  \-  and  f-inch  hot  steel 
plates  was  found  as  follows : 

For  ^-inch  material,  100  foot-pounds  per  running  inch  or 
400  foot-pounds  per  square  inch. 

For  f-inch  plates,  360  foot-pounds  per  rimning  inch  or 
965  foot-pounds  per  square  inch. 

Summing  up  the  general  features  of  the  third  system, 
we  find  the  resistances  to  flow  as  being  very  gradual  in 
their  increase — commencing  at  zero — and  following  a  line 
of  increments  which,  toward  the  final  end  of  its  stroke, 
rises  more  or  less  rapidly,  depending  upon  the  amount  of 
movable  surfaces  enclosing  the  materials  to  be  treated. 
The  metal  flows  exclusively  in  the  line  of  pressure,  only 
changing  its  direction  when  the  motion  becomes  impeded 
by  meeting  a  stationary  surface,  more  or  less  perpendicular 
to  the  line  of  flow. 
Vol.  CXLIX.    No.  889.  3 


34  Loss:  [J.  F.  I., 

This  constitutes  about  the  limit  to  the  field  upon  which 
the  speaker  has  experimented.  There  are  unquestionably 
some  other  directions  into  which  the  flow  of  metal  enters 
and  which  are  of  importance  to  the  engineer;  as,  for  in- 
stance, the  reduction  of  metal  when  compressed  between 
a  pair  of  revolving  rolls  ;  but,  I  think,  nevertheless,  that 
the  different  processes  mentioned  in  this  paper  will  cover 
most  of  the  branches  of  the  mechanic  arts  in  which  the 
designing  engineer  is  interested  when  pursuing  his  pro- 
fession. 

A  number  of  years  ago  when,  in  the  line  of  my  duties, 
it  came  that  I  had  to  design  some  shearing  machinery,  I 
naturally  looked  around  for  figures  regarding  the  power 
necessary  to  sever  metals  ;  and  this  was  my  first  effort  in 
examining  existing  published  results.  My  examination 
covered  the  publications  of  different  nations  as  well  as  of 
different  authors.  It  was,  however,  all  in  vain.  What 
little  data  the  scientific  literature  did  reveal  was  of  a  crude 
character,  and  did  not  possess  accuracy  or  logical  reasons 
for  its  deductions.  I  then  commenced  to  experiment  my- 
self ;•  and  little  by  little  my  field  was  increased,  until  it 
covered  all  the  topics  which  I  have  given  you  this  evening. 
An  entire  night  could  undoubtedly  and  advantageously  be 
given  to  each  subject,  but  I  thought  when  covering  the 
field  as  a  whole,  it  would  be  easier  to  see  and  appreciate  the 
similarities  or  the  differences  existing  between  each  par- 
ticular flow  and  a  better  understanding  reached  than  if  the 
subject  were  split  up  into  details. 

If  the  information  given  above  proves  of  any  advantage 
to  the  engineering  profession  at  large,  I  shall  more  than 
consider  myself  repaid  for  all  the  work  and  trouble  in- 
volved in  carrying  out  the  investigations  ;  and  I  believe, 
gentlemen,  that  the  truest  and  best  engineer  is  after  all  the 
one  who  will  combine  sufficient  ethics  with  his  profession, 
so  as  to  make  him  feel  that,  independent  of  his  obligations 
to  himself  and  his  immediate  surroundings,  he  also  owes  a 
debt  to  the  science  which  has  stood  by  him  and  enabled 
him  to  secure  a  reputation  and  livelihood. 
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Discussion. 

Mr.  James  Christie: — It  has  hitherto  been  the  usual 
practice  to  consider  that  the  resistance  to  punching  per 
unit  of  section  cut  exceeded  that  of  ordinary  shearing. 
This  seems  reasonable  when  we  consider  that  the  tendency 
to  flow  in  either  case  is  less  restricted  in  shearing  than  in 
punching;  in  the  latter  case  the  act  of  detrusion  is  resisted 
by  the  clinging  of  the  surrounding  mass  of  metal.  Further- 
more, the  breaking  moment  which  Mr.  Loss  describes  as 
occurring  in  the  act  of  shearing,  and  which  operates 
through  a  leverage  equal  to  the  distance  between  centers  of 
upper  and  lower  knife,  would  facilitate  the  process  of  shear- 
ing; and  it  does  not  occur  in  the  same  sense  in  punching. 
It  is,  therefore,  a  matter  of  surprise  when  Mr.  Loss  informs 
us  that  his  experiments  indicate  a  lower  maximum  intensity 
of  pressure  required  per  unit  of  section  for  punching  than 
for  shearing.  As  the  experiments  have  been  numerous, 
and  evidently  conducted  with  care  and  forethought,  we 
cannot  challenge  their  accuracy  without  presenting  some 
experimental  data  in  contradiction.  This  the  writer  is 
unable  to  offer  at  present.  It  is  to  be  hoped  that  Mr.  Loss 
will  continue,  and  will  publish  further  work  on  the  lines 
embodied  in  his  paper. 

Mr.  Wilfred  Lewis: — This  paper  treats  of  a  subject  of 
great  interest,  upon  which  comparatively  little  information 
can  be  found  in  print,  and  the  Mechanical  and  Engineering 
Section  of  the  Institute  is,  I  think,  to  be  congratulated 
upon  the  outcome  of  this,  its  first  venture,  in  printing 
advance  copies  of  its  proceedings.  The  object,  of  course,  is 
to  bring  out  well-considered  discussion,  and  as  Mr.  Loss 
suggests,  it  should  be  a  pleasure  for  engineers  to  repay 
their  indebtedness  to  the  profession  which  sustains  them, 
not  by  hoarding  the  information  they  have  gained  by  hard 
study  and  experience,  but  by  imparting  it  freely  to  others. 
In  other  words,  let  there  be  a  liberal  interchange  of 
engineering  data  for  the  greatest  good  of  the  greatest 
number.  Mr.  Loss  has  given  us  a  very  comprehensive 
paper  on  the  Pressing  of  Steel,  and  he  has  covered  at  one 
time  three  divisions  of  his  work  on  the  flow  of  metals,  each 
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of  which  might  well  be  made  the  subject  of  a  separate 
paper.  It  is,  therefore,  to  be  hoped  that  we  shall  hear 
further  from  him  and  that  the  present  paper  will  be  followed 
by  others  setting  forth  more  in  detail  the  work  upon  which 
he  has  been  engaged. 

In  my  own  experience,  there  have  been  several  occasions 
when  the  information  contained  in  this  paper  would  have 
supplied  the  data  for  which  a  search  was  made  in  vain,  and 
as  a  result  William  Sellers  &  Co,  were  obliged  to  do  as  Mr. 
Loss  has  done — make  their  own  experiments  and  deduce 
their  own  conclusions.  As  a  representative  of  this  com- 
pany, I  therefore  take  pleasure  in  laying  before  the  Section 
a  few  notes  which  I  have  gathered  bearing  upon  the  flow  of 
metals.  If  they  do  not  accord  in  every  way  with  the  ex- 
periments recorded  by  Mr.  Loss,  it  will  be  interesting  to 
point  out  the  discrepancies,  and  their  explanation  may 
afford  some  further  light  upon  the  subject. 

It  is  no  doubt  true  that  shearing  is  seldom,  if  ever,  ex- 
perienced without  more  or  less  bending  combined,  and  as 
Mr.  Loss  suggests,  the  transverse  stress  due  to  bending 
may  be  the  real  cause  of  rupture  in  shearing.  This  de- 
pends somewhat  upon  the  manner  in  which  the  work  is 
held,  and,  in  this  connection,  it  is  of  interest  to  recall  an  ex- 
periment made  about  seventeen  years  ago  on  a  piece  of 
wrought  iron  i^  inches  thick,  as  shown  in  Fig.  i.  The  bar 
was  laid  horizontally  between  the  blades  of  a  shearing 
machine,  and,  as  the  blades  closed  upon  it,  the  bar  was  left 
free  to  assume  a  natural  position  during  the  process  of 
shearing.  When  rupture  occurred,  the  blades  were  im- 
bedded upon  a  surface  -^-^  inch  wide,  and  the  bar  had 
rotated  through  an  angle  of  20°.  Assuming  that  the  pres- 
sure over  the  imbedded  surfaces  was  pretty  evenly  dis- 
tributed as  the  result  of  flow  in  the  metal,  and  that  the  top 
rake  on  the  shear  blades  was  about  at  the  angle  of  friction, 
the  bending  stress  can  be  shown  in  this  case  to  have  been 
about  equal  in  intensity  to  the  shearing  stress.  The  prin- 
cipal stresses  due  to  these  bending  and  shearing  stresses  will 
be  one  of  tension  of  about  |  the  intensity  of  shearing  and 
one  in  compression  of  |  the  shearing  intensity.     Therefore 
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rupture  by  cross-breaking  should  occur  when  the  shearing 
stress  reaches  f  of  the  ultimate  tensile  strength.  Although 
there  may  be  some  inaccuracies  in  the  assumptions  made, 
it  will  be  seen  that  this  observation  upon  the  indentation 
of  shear  blades  corroborates  Mr.  Loss'  conclusion  that 
shearing  is  really  cross-breaking  and  that  the  intensity  of 
shearing  resistance  is  about  f  the  ultimate  tensile  strength. 
If  the  sheared  section  could  be  relieved  of  bending  stress, 
its  resistance  would  naturally  be  increased,  and  it  is,  there- 
fore, surprising  to  find  the  resistance  to  punching  given  as 


Fig.  I. 

less  than  that  of  straight  shearing.  In  punching,  there  is 
also  some  bending  stress  in  the  body  of  the  metal  punched 
out,  but  very  little,  if  any,  on  the  line  of  shear. 

Possibly  the  figures  given  by  Air.  Loss  refer  to  bevelled 
punches,  but  if  they  refer  to  flat,  they  differ  widely  from  the 
results  obtained  in  my  own  experience. 

The  experiments  bearing  on  this  were  made  to  deter- 
mine the  relative  merits  of  flat  and  bevelled  punches  in 
material  of  different  thicknesses.  The  punches  were  all  J 
inch  diameter,  with  dies  ^  inch    larger,   and   the    material 
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ranged  from  ^  inch  to  ^  inch  thick.  One  punch  was  flat, 
another  V-shaped,  the  sides  of  which  inclined  120°,  and  a 
third  had  an  end  in  the  form  of  a  double  spiral. 

The  punches  and  dies  were  set  as  usual  in  a  punching 
machine,  but  the  eccentric  shaft  was  disconnected  and  the 
machine  was  turned  on  one  side  to  bring  the  slide  against  the 
ram  of  a  hydraulic  wheel  press.  A  pressure  gauge  on  the 
cylinder  indicated  the  working  pressures  per  square  inch 
from  which  the  total  pressures  were  estimated,  and  these 
divided  by  the  surface  cut  through  gave  the  following 
pressures  per  square  inch  in  punching : 


PUNCHING  WROUGHT  IRON. 


Flat 
Punch. 

Wedge 
Punch. 

Hard  Steel. 

Thickness 
of  Metal. 

Flat 
Punch. 

Wedge 
Punch. 

Inch. 

y* 

43,100 

16,100 

So,ooo 

48,000 

H 

49,100 

39,800 

- 

- 

% 

49,400 

41,100 

- 

- 

H 

52,000 

50,000 

- 

- 

H 

48,500 

52,100 

— 

— 

stee;i*  boiler  pirate. 


Thickness  of  Metal. 

Flat  Punch. 

Wedge  Punch. 

Inch. 

3/8 

49,100 

39,800 

%■ 

49,400 

49,400 

H 

52,000 

58,200 

The  spiral  punch  did  no  better  than  the  wedge  punch 
and  was  soon  damaged  beyond  further  usefulness. 

Care  was  taken  to  obtain  a  reliable  gauge  in  making 
these  tests,  but,  before  accepting  any  disputed  values,  a  rep- 
etition of  the  experiments  in  a  different  way,  as,  for  exam- 
ple, between  the  heads  of  a  testing  machine,  would  seem 
desirable.     It    appears   from    these  experiments,  however, 
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that  the  shearing  resistance  in  punching  approximates  very 
closely  to  the  ultimate  tensile  strength  of  the  material. 
On  thin  material  the  wedge  punch  naturally  takes  less 
pressure,  but  as  the  thickness  approaches  the  diameter  of 
the  punch  the  value  of  the  wedge  lessens  and  finally  dis- 
appears. On  thin  material  also  the  flat  punch  requires  less 
pressure  per  square  inch  of  sheared  surface,  the  cause  of 
which  may  be  looked  for  in  the  greater  effect  of  the  die 
clearance.  When  the  metal  is  thin,  the  line  of  cleavage  is 
more  inclined  than  when  it  is  thick,  and  a  greater  propor- 
tion of  cross  bending  stress  is  thrown  upon  the  sheared 
surface.  It  is  therefore  not  surprising  that,  with  \  inch 
clearance  between  punch  and  die,  metal  \  inch  thick  should 
require  decidedly  less  pressure  per  square  inch  than  metal 
%  inch  or  f  inch  thick. 

The  question,  therefore,  remains  whether  punching  pres- 
sures are  really  greater  than  those  for  straight  shearing,  and 
if  so,  why? 

Another  anomaly  requiring  some  explanation  is  the  en- 
ergy per  square  inch  consumed  in  cutting  rectangular  steel 
bars,  given  on  page  468.  It  is  perfectly  clear  that  flat  knives 
require  more  pressure  in  shearing  than  knives  set  at  an  angle 
to  each  other,  but  it  is  not  at  all  apparent  why  the  latter 
should  consume  less  energy  in  shearing.  Indeed,  when  it  is 
considered  that  knives  at  an  angle  distort  the  piece  cut  off 
and  have  thus  imposed  upon  them  more  work  than  that  of 
shearing  alone,  it  is  reasonable  to  suppose  that  the  energy 
consumed  with  angle  blades  should  exceed  that  with  paral- 
lel flat  knives. 

Again,  on  the  same  page  the  expression  for  the  pressure 
required  to  shear  angle  iron  makes  this  pressure  depend  upon 
the  square  root  of  the  thickness  of  the  metal,  whereas,  a 
little  further  down,  the  pressure  required  to  shear  flat  bars 
is  made  to  vary  directly  with  the  thickness.  There  is  an 
apparent  inconsistency  in  these  expressions  which  makes  it 
difficult  to  believe  both. 

The  energy  consumed  in  shearing  is,  I  think,  properly 
expressed  in  terms  of  the  thickness  squared,  as  given  on  the 
same  page,  and  from  this  it  can  be  argued  that  the  shearing 
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pressure  must  vary  directly  as  the  thickness  and  not  as  the 
square  root  thereof.  By  analogy  from  shearing  to  punch- 
ing, the  energy  consumed  in  punching  should  also  vary 
with  the  thickness  squared,  and,  as  far  as  my  experience 
goes,  this  is  really  the  case,  but  I  have  no  data  on  very 
deep  punching  where  the  metal  removed  is  decidedly  less 
in  volume  than  the  hole  produced.  But  there  are  no  ex- 
amples of  the  latter  kind  of  punching  given  in  the  paper, 
and  yet  on  pages  471  and  472  the  energy  consumed  is  ex- 
pressed  in  terms  of  the  area  of  the  hole  without  reference 
to  the  thickness  punched  through.  It  would  therefore  seem 
desirable  to  recast  the  values  there  given  to  accord  in  form 
with  the  expression  given  on  page  468  for  the  energy  con- 
sumed in  shearing  angles,  where  the  thickness  squared  very 
properly  appears. 

In  regard  to  riveting  pressures  it  is  shown  pretty  clearly 
in  this  example  of  cold  riveting  that  excessive  pressure 
will  actually  stretch  the  metal  around  the  rivet  and  to  a 
very  marked  extent  when  more  than  300,000  pounds  per 
square  inch  of  rivet  section  is  applied. 

Our  experiments  on  hot  shearing  and  upsetting  are  too 
extensive  to  review  in  detail  this  evening.  They  were 
made  upon  a  bloom  shear  at  the  Midvale  Steel  Works  about 
fourteen  years  ago,  and  cards  were  taken  by  an  indicator 
attached  to  a  large  steam  cylinder,  the  plunger  of  which 
forced  water  into  another  large  cylinder  which  did  the 
work.  Suffice  it  to  say  that  as  far  as  comparisons  can  be 
made  our  results  agree  very  well  with  those  given  by  Mr. 
Loss. 
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Physical  and  Astronomical  Section. 

INTRODUCTORY  ADDRESS. 


By  Dr.  A.  E.  Krnnelly, 
President  of  the  Section. 


[Commemorative  Meeting  held  in  Convention  Hall,  National  Export  Exposi- 
tion, Friday,  October  6th,  on  the  Occasion  of  the  Celebration  of  the  Seven- 
ty-fifth Anniversary  of  the  Franklin  Institute.] 


The  Physical  and  Astronomical  Section  of  the  Franklin 
Institute,  brought  to  your  notice  this  evening,  is  the 
youngest  section  which  has  been  organized  by  that  body, 
and,  in  fact,  has  not  yet  passed  out  of  its  first  year  of 
existence.  We  feel,  however,  no  diffidence  on  this  score, 
because  the  sciences  which  this  section  is  intended  to  serve 
have  already  received  the  Institute's  consideration  under 
less  specialized  and  divided  guise.  The  mechanic  arts 
themselves,  for  the  cultivation  of  which  the  Franklin  Insti- 
tute was  founded,  are  but  working  bees  of  the  hive  of  Nat- 
ural Science  in  general,  and  of  Statics  and  Dynamics  in 
particular.  No  man  can  design  the  simplest  machine  with-, 
out  some  scientific  knowledge,  even  though  he  does  not 
know  it  by  that  title,  and  the  more  complex  the  machine, 
the  more  scientific  knowledge  he  must  possess. 

Moreover,  these  sciences  are  themselves  of  the  most  re- 
mote human  antiquity.  Physics,  in  some  form,  however 
limited,  must  have  been  studied  by  man  at  every  era  of  his 
existence,  and  we  find  that  some  practically-acquired  knowl- 
edge of  physical  principles  is  even  to  be  found  in  the  lower 
animals.  As  for  astronomy,  or  the  natural  philosophy  of 
the  heavenly  bodies,  it  can  only  be  second  in  antiquity  to 
physics.  The  constellations  look  down  upon  us  in  much 
the  same  aspect  that  they  looked  down  upon  the  earliest 
recorded  times  of  our  ancestors,  and  although  they,  too, 
reckon  with  time  and  change,  yet  by  comparison  with  our- 
selves they  stand  out  to  our  gaze  as  emblematic  of  immu- 
tability. 
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There  are  two  peculiarities  of  the  exact  sciences,  to  the 
devotion  of  which  this  section  has  been  created.  One  is 
that  they  manifest  a  tendency  to  speak  in  the  exact  lan- 
guage of  mathematics,  and  the  other  is  that  difference  of 
opinion  tends  to  disappear  upon  the  subjects  which  they 
adopt.  Upon  practically  every  subject  which  is  not  in- 
cluded in  the  exact  sciences,  except  recorded  history,  there 
exists,  as  a  rule,  a  great  variety  of  opinions,  and  the  differ- 
ence of  opinion  generally  increases  with  the  distance  of  the 
subject  from  the  sphere  of  exact  science.  On  such  questions 
as  the  Monroe  Doctrine,  or  the  comparative  beauty  of  or- 
chids and  geraniums,  or  the  probable  future  of  the  Chinese 
Empire,  we  may  expect  to  find  every  variety  of  opinion  and 
judgment.  But  upon  the  area  of  a  circle  of  two  feet  radius, 
the  shape  of  the  earth,  or  the  distance  of  the  moon,  there 
is  practically  no  difference  of  opinion,  and  such  difference 
of  opinion  as  does  exist  is  restricted  to  such  narrow  limits 
of  uncertitude  or  precision  as  to  the  uninitiated  seems  trivial 
and  incongruous.  Yet  we  know  from  history  that  there 
have  been  times  when  men  disputed  vehemently  upon  all 
of  these  questions ;  that  is  to  say,  before  the  exact  sciences 
were  sufficiently  powerful  to  annex  them.  We  find,  indeed, 
vexed  questions  and  disputes  in  the  domains  of  the  exact 
sciences,  but,  as  a  general  rule,  these  are  only  on  matters 
which  have  thus  far  eluded  complete  measurement  and 
systematic  generalization.  The  law  of  these  questions  has 
not  yet  been  discovered,  and  for  this  reason  they  are  still 
outside  the  empire  of  exact  science.  As  time  goes  on,  labor 
achieves,  and  knowledge  advances,  these  things  become  meas- 
ured and  known,  whereby  dispute  terminates  and  dissension 
disappears.  Whether  we  should  care  to  live  in  a  world 
where  everything  belonged  to  the  exact  sciences,  and  in 
which  the  cause  and  order  of  all  things  could  be  found  in 
the  encyclopedia,  is,  of  course,  open  to  debate ;  but  it  is 
beyond  dispute  that  the  practical  unanimity  of  educated 
opinion,  upon  subjects  included  in  the  exact  sciences, 
entitled  those  sciences  to  a  dignity  and  importance  that  is 
withheld  from  communities  of  facts  that  obey,  as  yet,  no 
recognized  law. 
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On  looking  back  through  the  history  of  past  centuries, 
it  is  impossible  to  avoid  recognizing  the  fact  that  the  exact 
sciences  of  the  remote  past  had  but  very  little  practical 
application.  Astronomers,  while  devoting  their  lives  unre- 
mittingly to  the  study  of  the  heavenly  bodies,  and  fully 
impressed  with  the  dignity  of  their  task,  cast  horoscopes 
and  predicted  nativities.  Physicists,  such  as  Archimedes, 
occasionally  performed  useful  services  for  the  community; 
but  many  mathematicians,  such  as  Pythagoras,  disdained  all 
utilitarian  aims  as  unworthy  of  their  study.  To  them, 
knowledge,  jealous  of  the  attention  of  her  devotees,  frowned 
at  all  flirtations  with  utility. 

The  necessities  of  modern  civilization,  however,  have 
swept  away  the  prejudices  that  encompassed  and  secluded 
scientific  research.  We  could  not  maintain  the  fabric  of 
existing  institutions  without  the  aid  of  the  applied  sciences. 

It  is  very  doubtful  whether  the  existing  population  of 
cities  like  London  and  New  York  could  even  be  sustained 
in  food,  if  the  applied  sciences  were  in  the  stage  of  their 
development  at  the  beginning  of  this  century,  before  the 
locomotive  steam  engine  made  its  appearance.  Even  if  the 
necessaries  of  life  could  be  carried  in  to  the  cities  from  the 
surrounding  country,  in  sufficient  quantities,  by  horse 
wagons,  the  cost  of  transportation  would  make  city  life 
economically  impossible  to  a  large  section  of  the  com- 
munity. Without  the  machinery  which  is  the  outcome  of 
applied  science,  our  clothing,  shelter  and  food  would 
require  all  the  average  man's  time  and  effort  to  secure  for 
his  family  and  himself,  and  luxuries  would  become  impos- 
sibilities. The  federal  government  of  such  a  large  area  as 
the  United  vStates  would  become  a  practical  impossibility 
under  the  same  circumstances.  It  is  recorded  that  in  181 2, 
before  the  days  of  the  electric  telegraph,  the  Government 
at  Washington  did  not  receive  the  news  of  the  battle  of 
New  Orleans  until  more  than  three  weeks  after  the  event. 

The  absolute  dependence  of  modern  civilized  society 
upon  the  work  of  the  applied  sciences  is  so  great  that  these 
sciences  are  taxed  to  their  utmost  limit.  More  and  better 
machinery  is  needed,  cheaper,  simpler  and  more  effective  than 
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existing  machinery.  Competition  among-  machines  is  to-day 
keener  than  the  competition  among  men,  because  even  the 
most  systematic  men  are  subject  to  some  erratic  or  variable 
impulses  which  reduce  the  closeness  and  keenness  of  their 
mutual  competition ;  whereas,  machines,  while  maintained 
in  repair,  work  with  a  zeal  that  knows  no  weariness  and  a 
regularity  that  no  emotions  can  disturb.  The  result  is  that 
all  the  engineering  sciences  and  applied  sciences  generally 
are  taxed  to  their  utmost  to  supply  the  needs  of  society. 
These  applied  sciences  turn  eagerly  to  the  exact  sciences  for 
fresh  material  to  place  at  the  public  hand.  In  former  years 
there  was  so  little  demand  for  the  applied  sciences  that  the 
pure  sciences  only  gave  their  rejected  surplus  to  applica- 
tions. Now  the  demand  is  so  great  that  a  large  amount  of 
purely  scientific  work  is  done  in  the  world  each  year,  in  the 
hope  that  some  of  the  results  can  be  made  available  for 
utilitarian  purposes.  The  study  of  the  steam  engine  for 
the  purpose  of  cheapening  and  improving  it  has  added 
enormously  to  the  world's  scientific  knowledge  concerning 
the  laws  of  thermodynamics.  The  first  endeavors  to  lay 
the  Atlantic  telegraph  cable  added  in  a  great  measure  to 
scientific  knowledge  concerning  the  ocean  and  its  doings. 
The  study  of  guns  for  use  in  war  has  contributed  largely 
to  the  stock  of  accurate  information  concerning  the  motion 
of  projectiles  in  resisting  media.  Conversely,  it  is  almost 
impossible  to  discover  any  new  scientific  fact  without  find- 
ing a  useful  purpose  for  it  to  fill.  Rontgen,  for  example, 
had  scarcely  more  than  announced  the  discovery  of  his  new 
invisible  rays,  when  surgeons  began  to  use  them.  After 
looking  back  upon  the  past,  it  is  impossible  to  look  forward 
without  being  convinced  that  the  practical  man  of  the 
future  will  be  more  of  a  scientist  than  ever.  Current  litera- 
ture, current  speech  and  current  development  all  make  this 
confession  of  faith.  In  the  days  that  are  now  behind  us, 
an  inventor  who  had  only  acquired  a  very  moderate  amount 
of  applied  science,  by  untrained  observation  and  experience, 
could,  by  native  ingenuity,  introduce  great  improvements 
in  the  relatively  crude  industrial  processes  of  his  time.  In 
the  days  that  are  before  us,  however,  industrial  processes 
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are  becoming  so  specialized,  so  complex  and  so  linked  with 
mechanical  processes,  that  an  inventor  must  be  possessed 
of  either  greater  natural  ability  to  improve  the  result,  or 
must  have  received  some  scientific  training.  In  fact, 
whereas  it  was  at  one  time  true  that  "  necessity  was  the 
mother  of  invention,"  it  is  now  more  nearly  correct  to  say 
that  science  and  necessity  are  the  parents  of  invention. 
Natural  science  is  in  the  last  analysis,  only  the  study  of 
natural  phenomena  and  of  their  laws,  and  the  more  com- 
plex the  machinery  by  which  those  laws  are  controlled  for 
industrial  purposes,  the  more  intimate  must  be  our  knowl- 
edge of  them. 

The  benefits  which  have  been  derived  during  the  past 
seventy-five  years— the  lifetime  of  the  Franklin  Institute — 
from  the  progress  of  the  exact  sciences  and  their  industrial 
applications  have  been  numerous.  They  have  so  modified 
nearly  every  industry  as  practically  to  revolutionize  it. 
Where,  perhaps,  one  hundred  men  then  labored  with  weary 
arms,  one  or  two  men  now  accomplish  the  same  result  with 
the  aid  of  machines.  The  result  of  all  this  has  been  that 
the  total  production  of  communities,  per  worker,  has  been 
enormously  increased,  so  that  although  the  average  hours 
of  labor  have  somewhat  decreased,  the  average  purchase  of 
a  day's  labor  in  money  has  increased  appreciably,  and  its 
purchase  in  commodities  has  increased  very  markedly.  The 
application  of  the  exact  sciences  to  the  forces  of  life  has 
made  and  must  continue  to  make  life  easier,  brighter  and 
more  comfortable  to  the  average  member  of  the  community. 

The  exact  sciences  pour  more  than  pure  wealth  into  the 
lap  of  the  nation  that  applies  them.  They  also  ennoble. 
Ignorant  man,  the  man  of  very  limited  science,  is  swathed 
in  superstition  ;  he  sees  a  particular  spirit  in  every  natural 
phenomenon  and  a  demon  in  every  adverse  circumstance. 
Gradually,  as  he  learns  the  laws  of  his  environment,  his 
superstition  melts  away,  more  intimate  appreciation  of  the 
nature  of  the  universe  raises  him  mentally  and  morally, 
while  the  greater  control  he  obtains  over  the  processes  of 
nature,  the  higher  the  elevation  to  which  he  rises.  The 
average  man  of  the  community  to-day  possesses  much  more 
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scientific  knowledge  than  did  the  average  man  of  past  cen- 
turies. The  average  man  of  the  community  to-day  is  bet- 
ter, brighter  and  more  comfortable,  for  his  knowledge  as 
well  as  for  his  power.  Acquaintance  with  the  laws  of  the 
universe,  which  cannot  falsify,  unconsciously  teaches  truth 
to  all  those  who  learn  them,  while  the  capability  of  being 
able  to  transport  material  from  New  York  to  Chicago  in 
twenty-four  hours,  and  the  ability  to  converse  over  the 
same  distance  by  telephone,  is  a  partial  apotheosis  of  the 
entire  race  in  which  the  ability  resides.  Every  new 
achievement  of  this  kind  which  science  brings  within  our 
grasp,  elevates  humanity  to  a  higher  and  nobler  plane,  and 
every  earnest  worker  necessarily  contributes  to  the  elevation 
of  his  race. 

It  is,  then,  to  the  applied  sciences  of  the  future  that  we 
must  look  for  the  advances  that  are  to  make  the  world  hap- 
pier and  greater  than  it  is  to-day.  The  result  must  come  if 
no  cataclysm  intervene  ;  for  the  forces  of  civilization,  once 
given  headway,  are  self-supporting  and  inevitable  in  their 
tendency.  The  applied  sciences  in  their  turn  look  to  the 
exact  sciences  for  development  and  support.  The  fostering 
and  development  of  scientific  training,  knowledge,  skill  and 
application,  is  of  vast  importance  to  the  community  at  the 
present  time.  That  country  and  race  and  language  must  pre- 
dominate in  the  world  by  which  the  natural  sciences  are 
most  abundantly  applied.  There  are  no  public  institutions, 
except  the  hospital  for  the  care  of  the  sick,  and  the  school 
for  the  education  of  the  young,  which  are  of  more  import- 
ance to  the  community  than  institutions  which,  like  the 
Franklin  Institute,  cultivate  the  knowledge  and  application 
of  the  natural  sciences. 
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SOME  NOTABLE  CONTRIBUTIONS  ok  AMERICAN 
PHYSICISTS  DURING  THE  LAST  THREE-QUARTERS 
OF  A  CENTURY. 


By  T.  C.  Mendknhali., 

Honorary  member  of  the  Institute,  President  of  the  Worcester  Polytechnic 

Institute,  Worcester,  Mass. 


[An  address  delivered  in  Convention  Hall,  National  Export  Exposition,  Fri- 
day, October  6th,  at  the  Commemorative  Meeting  of  the  Chemical  Section, 
on  the  Occasion  of  the  Seventy-fifth  Anniversary  Exercises  of  the  Frank- 
lin Institute.] 


The  cheerfully  optimistic  spirit  which,  fortunately,  pre- 
vails everywhere  and  always  among  the  masses  of  the  peo- 
ple, easily  and  naturally  leads  to  the  conclusion  that  the 
present  age  is  the  golden  age.  Of  all  times  in  the  history 
of  the  world,  NOW  is  the  most  important.  Never  so  much 
wisdom  as  now;  never  so  much  wit  and  courage  and  beauty 
as  now  ;  never  so  many  things  that  make  life  worth  living 
as  now.  So  it  was  one  hundred  and  two  hundred  years 
ago  and  so  it  will  be  one  hundred  and  two  hundred  years 
hence,  for  the  delightful  disposition  to  accept  things  as 
they  are,  and  not  only  to  accept  but  to  approve  and  admire, 
is  a  large  and  important  element  in  that  wonderful  resili- 
ence which  enables  the  human  race  to  smile  at  discourage- 
ment and  defy  disaster.  Moreover,  it  is  a  logical  acceptance 
of  evolution  ;  an  unconscious  recognition  of  a  development 
from  worse  to  better,  on  the  whole,  steady  and  persistent. 

But  when  one  makes  even  a  superficial  examination  of 
the  centuries  that  have  preceded  our  own,  notwithstanding 
the  meager  knowledge  we  possess  of  some  of  them,  it  is  im- 
mediately evident  that  such  a  view  of  existing  conditions 
has  not  always  been  sound.  It  is  at  once  seen  that  the  prog- 
ress of  the  race  has  not  always  been  steady ;  that  it  has 
sometimes  and  for  considerable  periods  inclined  towards 
the  worse,  rather  than  the  better,  and  that  certain  centuries 
stand  in  marked  contrast  with  others  when  measure  is  taken 
of   the  intellectual  growth  and  m'aterial  development  by 
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which  mankind  has  been  most  profoundly  affected.  It  is 
this  fact  which  gives  one  whose  life  has  been  wholly  in  the 
nineteenth  century  courage  to  declare  that  the  cycle  of  years 
now  coming  to  an  end  is  enormously  more  significant  in  its 
determination  of  the  relation  of  men  to  each  other  and  to 
the  universe  in  which  they  live,  than  any  that  have  gone 
before.  Indeed,  it  is  but  conservatism  to  declare  that  the 
nineteenth  century,  along  certain  lines  of  development,  es- 
pecially those  relating  to  the  physical  condition  of  man, 
must  be  credited  with  achievements  beyond  those  of  all 
past  time.  Argument  in  support  of  this  proposition  has 
become  almost  commonplace,  and  a  brief  reference  to  a  few 
of  the  more  striking  illustrations  will  be  sufficient,  as  it 
may  also  be  necessary,  to  create  a  just  appreciation  of  some 
contributions  to  this  splendid  evolution  which  will  presently 
be  considered. 

One  of  the  most  notable  transformations  wrought  during 
the  century  is  found  in  improved  locomotion,  including  the 
transfer  of  goods.  We  do  not  know  who  invented  the 
wheeled  vehicle.  It  was  probably  in  use  in  prehistoric 
times.  Nor  do  we  know  who  first  tamed  the  beasts,  thus 
substituting  the  muscular  energy  of  animals  for  that  of 
men.  But  we  do  know  that  from  that  remote  period  to  the 
end  of  the  first  quarter  of  the  nineteenth  century,  nothing 
essentially  iiezu  in  the  way  of  locomotion  on  land  was  in- 
vented. The  coach  in  which  George  Washington  rode  dif- 
fered only  in  details  of  construction  from  that  chariot  into 
which  Joseph  stepped,  "  arrayed  in  vestures  of  fine  linen," 
and  its  motive  power  was  the  same.  We  do  not  know  who 
first  spread  a  sail  to  catch  the  power  of  the  wind  for  propel- 
ling a  boat,  but  we  do  know  that,  previous  to  the  nineteenth 
century,  no  ship  was  ever  driven  otherwise.  It  is  doubtful 
if  the  speed  of  travelling  on  land  and  sea  was  materially 
greater  in  1799  than  a  thousand  years  earlier,  although  im- 
proved roadways  and  larger  vessels  lessened  the  cost  per 
ton  mile  of  freight.  How  startling  is  the  contrast  of  these 
methods  of  locomotion,  the  total  result  of  thirty  or  forty 
centuries  of  effort,  with  the  accomplishments  of  the  last 
three-quarters  of  the  nineteenth   century.      But  far  more 
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amazing  is  the  revolution  which  has  taken  place  within  the 
same  period,  in  the  methods  of  conveying  intelligence  from 
point  to  point.  The  telegraph  and  telephone  could  hardly 
have  been  conceived  by  even  the  most  imaginative  of  those 
whose  day  preceded  ours,  and  their  influence  upon  the  social 
and  material  conditions  of  men  is  yet  far  from  its  maximum. 
One  of  the  most  pregnant  discoveries  of  all  time  was  the 
art  of  controUinof  fire.  The  use  of  flint  and  steel  for  its 
production,  which  comes  to  us  from  the  remote  past,  was 
still  general  during  the  first  quarter  of  the  century  and 
many  people  are  now  living  who  were  accustomed  in  their 
youth  to  "  borrow  "  fire  from  their  neighbors,  in  the  absence  of 
any  means  of  creating  it.  The  artificial  light  of  the  early 
part  of  the  century  was  produced  by  methods  not  essen- 
tially different  from  those  in  use  for  thousands  of  years, 
the  first  real  advance  being  the  improved  draught  of  the 
Argand  burner.  The  clothing  worn  by  our  revolutionary 
forefathers  was  generally  woven  on  hand  looms  and  the 
parts  were  stitched  together  by  hand,  the  whole  process  of 
production  not  differing  materially  from  that  of  the  "coat 
of  many  colors."  During  the  earlier  years  of  the  present 
century,  the  harvest  was  gathered  just  as  it  was  in  the  days 
of  Ruth,  and  the  several  processes  by  which  grain  was  con- 
verted into  bread  had  altered  little  in  thousands  of  years. 

All  of  these  are  matters  with  which  everybody  is  con- 
cerned, for  food,  clothing,  fire,  light  and  the  means  of  bring- 
ing supply  and  demand  together  may  be  said  to  constitute 
the  minimum  requirements  of  human  existence.  In  all  of 
them  the  marvellous  work  of  the  nineteenth  century  over- 
shadows that  of  all  that  have  gone  before. 

One  of  the  most  important  and  suggestive  books  of  re- 
cent publication  is  entitled  "The  Wonderful  Century,"  by 
Mr.  Alfred  Russell  Wallace,  the  distinguished  English 
naturalist,  who  shares  with  Darwin  the  honor  of -conceiv- 
ing one  of  the  two  most  notable  generalizations  of  modern 
science.  In  this  work  Mr.  Wallace  attempts  an  estimate 
of  the  value  of  the  achievements  of  the  nineteenth  century 
as  compared  with  those  of  all  the  centuries  that  have  pre- 
ceded it.  In  his  summary  he  includes  great  inventions 
Vol.  CXLIX.     No.  889.  4 
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and  discoveries  in  both  pure  or  theoretical  and  applied  sci- 
ence. In  all  he  enumerates  thirty-nine,  of  which  twenty- 
four  are  to  be  credited  to  the  present  century  and  fifteen  to 
all  previous  time.  While  in  the  specific  selection  of  these 
epoch-making  events  there  is  much  room  for  difference  of 
opinion,  there  cannot  fail  to  be  a  general  agreement  as  to 
the  net  result.  The  nineteenth  is  truly  the  "  wonderful 
century,"  and  whatever  the  twentieth  or  the  twenty-first  or 
the  twenty-second  may  bring  forth,  this  verdict  is  not  likely 
to  be  reversed. 

In  reviewing  the  achievements  of  this  century  it  is 
found,  further,  that  by  far  the  largest  part  of  this  industrial 
and  social  revolution  has  been  enacted  during  the  past  sev- 
enty-five years,  that  is,  during  the  life  of  the  Franklin  Insti- 
tute, the  seventy-fifth  anniversary  of  the  founding  of  which 
is  now  being  celebrated.  That  it  may  justly  exhibit  pride 
in  its  long  and  illustrious  career  no  one  will  deny,  for  its 
activity  during  this  memorable  period  has  contributed  in 
no  small  degree  to  the  large  share  which  our  country  has 
had  in  the  making  of  modern  civilization. 

My  own  duty  on  this  most  interesting  occasion,  as  as- 
signed to  me  by  the  Committee  of  Arrangements,  is  the  pres- 
entation of  a  sketch  of  the  progress  of  the  science  of  physics 
during  the  period  covered  by  the  life  of  the  Institute.  The 
difficulty  of  the  task  which  I  have  undertaken  will  be  ap- 
preciated when  I  remind  you  of  the  fact  that  it  is  to  dis- 
coveries in  physical  science  and  their  application  in  inven- 
tion and  construction,  that  we  owe  by  far  the  larger  share 
of  what  goes  to  make  this  period  unique  in  history.  Indeed, 
it  would  be  a  task  utterly  impossible  in  the  time  to  which  I 
must  restrict  myself  if  I  were  to  attempt  anything  like  a 
general  treatment  of  the  subject.  Even  a  limitation  to  a 
review  of  the  contributions  of  American  physicists  to  the 
progress  of  the  science  during  this  period  would  still  con- 
stitute a  performance  impossible  under  reasonable  condi- 
tions. I  am  compelled,  therefore,  to  confine  myself  to  what 
will  be  the  merest  outline  of  the  work  of  a  comparatively 
small  number  of  those  eminent  men,  living  and  dead,  who 
have  conferred  honor  upon  their  country  by  their  splendid 
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contributions  to  physical  science.  I  ask  your  indulgence 
and  sympathy  in  attempting  what  cannot  fail  to  be  an  ut- 
terly inadequate  survey  of  a  large  field,  and  I  wish  espe- 
cially to  emphasize  the  fact  that  I  make  no  pretense  of 
thoroughness  or  of  even  enumerating  all  of  those  who 
would  be  justly  entitled  to  mention  in  any  other  than  a 
hasty  sketch. 

Natural  science  in  the  nineteenth  century  may  boast  of 
two  great  generalizations,  of  the  conception  and  proof  of 
two  great  laws  or  fundamental  principles,  against  which 
the  past  might  put  the  establishment  of  the  Copernican 
theory  of  the  solar  system  and  the  discovery  and  proof  of 
the  law  of  universal  gravitation.  One  of  them  has  been 
proved  by  observation,  the  other  by  experiment.  The  lat- 
ter is  the  principle  of  the  Conservation  of  Energy,  which 
has  been  found  an  unerring  guide  in  physical  research. 
With  the  early  history  of  this  principle  a  countryman  of 
ours  had  much  to  do.  To  an  American,  yet  not  an  Ameri- 
can, Count  Rumford,  is  generally  given  the  credit  of  being 
the  first  to  fully  realize  and  to  distinctly  announce  the  true 
character  of  heat  as  a  form  of  energy.  Driven  from  his 
home  in  New  England  by  the  cruel  and  now  believed  to 
be  absolutely  unfounded  suspicions  of  his  neighbors,  he  left 
his  country  only  to  return  as  her  enemy,  and  while  we  have 
for  a  century  profited  by  his  subsequent  generosity,  we  can- 
not fairly  put  his  brilliant  career  as  a  scientific  man  to  the 
credit  side  of  our  account.  Barring  Rumford's  share  in  the 
principle  of  the  Conservation  of  Energy,  which  is  every- 
where admitted  to  be  large,  it  cannot  be  claimed  that 
American  physicists  contributed  largely  to  its  establish- 
ment, at  least  not  directly. 

But  in  that  domain  of  physical  science  comprehended  by 
the  term  Radiant  Energy,  the  contributions  of  American  ' 
scholars  during  the  past  seventy-five  years  have  been  of 
first  rank.  Among  the  earliest  workers  in  this  field,  and  in 
many  respects  the  most  eminent,  was  Dr.  John  William 
Draper,  and  it  is  an  interesting  fact  that  his  first  scientific 
papers  were  published  in  the  Journal  of  the  Franklin  Insti- 
tute.    Although    an   Englishman    by   birth.    Draper  was    a 


52  Mt'iuknJiall :  [j.  p.  1  , 

loyal  American  from  the  time  he  took  up  his  residence  in 
this  country  at  the  age  of  21  years.  While  an  undergrad- 
uate in  the  Medical  College  of  the  University  of  Pennsyl- 
vania he  began  to  display  remarkable  talent  for  original 
research,  and  his  first  paper  "On  the  Nature  of  Capillary 
Attraction"  was  published  in  the  Journal  of  the  Institute 
in  1834.  In  1835,  before  receiving  his  degree,  he  published 
in  the  same  journal  his  first  paper  on  light,  being  an  ac- 
count of  experiments  to  determine  whether  or  not  it  exhib- 
ited any  magnetic  properties.  During  his  long  life  of  three- 
score and  ten  years  he  was  a  most  industrious  investigator 
and  voluminous  writer,  but  his  most  important  work  in  pure 
science  had  to  do  with  light.  In  this  he  anticipated  many 
of  the  results  of  later  researches,  although  due  credit  has 
not  always  been  given  him.  He  was  one  of  the  first  to  ex- 
amine the  influence  of  light  in  producing  chemical  changes 
and  was  among  the  pioneers  in  the  science  and  art  of  pho- 
tography. The  first  photographic  picture  from  life  was 
made  by  him,  the  face  of  his  sitter,  who  was  his  own  sister, 
"  being  dusted  with  a  white  powder."  On  a  bright  day  a 
picture  was  secured  in  five  to  seven  minutes.  He  also 
made  the  first  photograph  of  the  moon.  As  early  as  1834 
he  had  attempted,  but  without  success,  to  photograph  the 
fixed  lines  of  the  solar  spectrum,  and  in  1837  he  began  a 
notable  series  of  researches  on  the  nature  of  rays  of  light  in 
the  spectrum,  and  with  the  splendid  discovery  of  spectrum 
analysis  his  name  must  always  be  associated.  In  the  course 
of  this  investigation  he  anticipated  several  of  the  funda- 
mental discoveries  of  Kirchhoff,  made  public  by  him  in  a 
celebrated  memoir  thirteen  years  later  than  that  of  Draper. 
His  paper,  "On  the  Production  of  Light  b}-  Heat,"  was 
printed  in  the  Philosophical  Magazine  for  May,  1847,  and  in 
it  he  declared  that  he  had  established,  experimentally,  the 
following  important  facts: 

All  solids  and  probably  all  liquids  become  incandescent 
at  the  same  temperature. 

The  rays  emitted  by  solids  from  common  temperatures 
up  to  nearly  979°  F.  are  invisible;  at  that  temperature  they 
are  red,  and  the  heat  of  the  incandescing  bodv  being  made 
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continuously  to  increase,  other  rays  are  added,  increasing 
in  refragibility  as  the  temperature  rises. 

Whilst  the  addition  of  rays  so  much  the  more  refragible 
.as  the  temperature  is  higher  is  taking  place,  there  is  an 
augmentation  in  the  intensity  of  those  already  existing. 

The  spectrum  of  an  incandescent  solid  is  continuous; 
it  contains  neither  bright  nor  dark  lines. 

These  proportions  are  almost  identical  with  those  pub- 
lished bv  Kirchhoff  in  i860,  and  upon  which  the  spectrum 
analysis  is  founded.  Had  Draper  made  no  other  contribu- 
tions to  physics,  his  memoir  of  1847  would  have  entitled  him 
to  high  rank.  But,  in  addition,  he  was  the  first  to  discover 
that  in  the  ultra  violet  part  of  the  solar  spectrum  there  are 
absorption  bands  similar  to  the  Fraunhofer  lines  of  the 
visible  spectrum.  He  studied  the  chemical  effects  of  the  dif- 
ferent portions  of  the  spectrum,  the  distribution  of  heat  in 
the  diffraction  spectrum,  the  action  of  light  on  the  growth  of 
plants,  and  made  many  other  researches  which  cannot  even 
be  mentioned  here.  He  suggested,  as  a  standard  of  photome- 
try for  white  light,  a  piece  of  platinum  foil  of  given  area  and 
thickness,  heated  to  incandescence  by  an  electric  current  of 
specified  strength,  thus,  in  fact,  anticipating  the  incandescent 
electric  lamp  of  Edison,  and  in  a  general  way  many  proposed 
photometric  standards  of  later  date.  Dr.  Draper's  tremen- 
dous intellectual  activity  was  displayed  in  many  fields  and  he 
is  perhaps  more  widely  known  as  the  author  of  historical  and 
controversial  works  than  as  a  physicist.  His  "  History  of  the 
Intellectual  Development  of  Europe"  is  quoted  with  that  of 
Buckle,  and  his  "  History  of  the  Conflict  Between  Religion 
and  Science"  has  passed  through  more  than  a  score  of 
editions  in  English,  has  been  translated  into  nearly  every 
known  tongue,  and  was  honored  by  a  place  in  the  "  Index 
Expurgatorius,"  along  with  Galileo,  Copernicus  and  Kepler. 

Almost  contemporaneous  with  Draper  was  Lewis  M. 
Rutherfurd,  whose  scientific  researches  were  also  mostly 
made  in  the  city  of  New  York.  Mr.  Rutherfurd  devoted 
much  time  and  energy  to  the  development  of  celestial 
photography,  besides  making  important  contributions  to 
our  knowledge  of   the  solar   spectrum.     He  constructed  a 
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spectroscope  with  six    large  bisulphide  of  carbon    prisms, 
using    many  ingenious    devices  for  overcoming  the  many 
difficulties  which    the    making   of  an    instrument   of  such 
dimensions  involved.     Among    these   was   the    now    well- 
known  arrangement  for  adjustment  of  the  prism  to  the  posi- 
tion of  minimum  deviation  for  rays  of  different  refragibility. 
The  application  of  the  photographic  camera  to  this  instru- 
ment resulted  in  a  magnificent  map  of  the  solar  spectrum, 
especially  of  that  part  extending  from  F  to  H,  which  was 
for  a  long  time  unequalled.     His  experience  in  the  produc- 
tion of  this  photograph  led  him  to  undertake  the  making  of 
a  diffraction  grating,  with  which  he  believed  he  could  obtain 
more  satisfactory   results.     The  gratings   with  which    the 
memorable  researches  of  Fraunhofer  had  been  made  were 
of  fine  wire,  varying  in  diameter  from   about  one-twenty- 
fifth   to   about   two-thirds   of   a   millimeter.     The    grating 
space  distances  between  the  center  of  the  adjacent  wires 
ranged  from  somewhat  more  than  one-twentieth  to  seven- 
tenths  of  a  millimeter.     With  instruments  so  crude  as  these, 
Fraunhofer  had  measured  the  wave  length  of  a  few  of  the 
most  prominent  spectrum   lines  with   an  accuracy   which 
must  command  our  highest  admiration,  but  he  had  prac- 
tically exhausted  the  possibilities  of  a  wire  grating.     Nobert 
had  devised  a  method  of  ruling  fine  lines  upon  glass,  but 
his  secret   was  carefully    guarded.     Although    capable    of 
ruling  lines  very  close  together,  the  inequality  of  spacing 
which  they   almost  invariably   exhibited   greatly  lessened 
their  value  for  optical  researches.     As  early  as  1863  Ruth- 
erfurd  attacked  this  problem  and  with  such  success  that,  as 
a  result  of  his  own  efforts,  supplemented  as  they  have  been 
by    the    later    work    of    Rowland,     American    diffraction 
gratings  have  been,  and  are  to-day,  incomparably  superior 
to    those    made    elsewhere.     In    Rutherfurd's    first  ruling 
machine  the  movement  of  the  plate  upon  which  the  lines 
were  ruled  was  accomplished  by  a  system  of  levers,  but  a 
screw  was  soon  substituted  for  this,  on  the  suggestion  of 
Professor  Rood.     With    the  new    machine   gratings    were 
ruled  upon  glass  and  also  oh  spectrum  metal,  the  most  per- 
fect examples  being  of  the  latter  type.     As  many  as  17,000 
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lines  to  the  inch,  the  lines  being  nearly  an  inch  and  three- 
quarters  in  length,  were  ruled  with  a  perfected  machine  and 
with  a  uniformity  of  spacing  previously  unheard  of.  Indeed, 
the  diffraction  spectrum  was  seen  as  it  had  never  been  seen 
before.  Physicists  were  now  enabled  to  make  accurate 
measures  of  wave  length  with  even  faint  sources  of  light, 
and  were  thus  put  in  possession  of  a  new  instrument  of  re- 
search of  great  value. 

In  this  connection,  mention  should  be  made  of  Mr.  Chap- 
man, Rutherfurd's  skilful  assistant,  who  contributed  much 
to  the  final  triumph  by  his  mechanical  ingenuity  and  patient 
industry.  Rutherfurd  was  a  member  of  the  National  Aca- 
demy of  Sciences  and  other  scientific  societies.  He  was 
extremely  modest  and  apparently  indifferent  to  public  re- 
cognition, and  as  a  result  his  excellent  work  has  not  received 
that  notice,  either  at  home  or  abroad,  to  which  it  is  justly 
entitled. 

No  account  of  the  contributions  of  American  physicists 
to  our  knowledge  of  spectrum  analysis  would  be  complete 
without  mention  of  important  investigations  made  by  Dr. 
Wolcott  Gibbs,  now  President  of  the  National  Academy  of 
Sciences.  Although  a  chemist  rather  than  a  physicist,  Dr. 
Gibbs's  researches  have  often  led  him  into  the  domain  of 
pure  physics  and  his  work  has  always  been  of  the  first 
rank. 

Ignoring  chronological  order,  it  will  be  most  fitting  to 
refer,  at  this  point,  to  the  admirable  investigations  in  the 
field  of  optics  by  which  Rowland  has  contributed  to  the  re. 
nown  of  American  science.  The  scientific  importance  of 
Rutherfurd's  improved  gratings,  and  the  interesting  results 
growing  out  of  their  use,  encouraged  others  to  attempt  the 
construction  of  ruling  engines  which  should  be  still  more 
perfect,  for  even  Rutherfurd's  best  plates  revealed  certain 
irregularities  in  the  spacing  of  lines,  seriously  interfering 
with  their  highest  usefulness.  The  interesting  problem 
was  to  devise  a  process  by  which  a  screw  could  be  cut  more 
uniform  in  pitch  than  that  of  the  lathe  on  which  the 
cutting  was  done.  Professor  W.  A.  Rogers  gave  much 
time  and  ingenuity  to  the  solution  of  this  problem  and  had 
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devised  a  method  for  correcting  the  errors  of  the  lathe  screw, 
by  moving  the  cutting  tool  in  a  determinate  manner.  The 
solution  was  not  entirely  satisfactor}'',  however,  and  when 
Rowland  attacked  the  problem  of  making  a  perfect  screw, 
he  practically  ignored  all  attempts  to  correct  or  alh)w  for 
the  errors  of  the  lathe  guide.  Briefly,  his  solution,  which 
was  wonderfully  complete,  amounts  to  saying  that  a  screw 
must  first  be  cut  as  perfect  as  possible  on  the  best  lathe  at- 
tainable and  then  it  must  be  freed  from  errors  by  grinding 
in  a  long,  reversible  nut  by  which  all  sensible  inequalities 
maybe  eliminated.  Having  prepared  a  screw  in  this  manner, 
Rowland  mounted  it  in  a  dividing  or  ruling  engine  and  be- 
gan to  rule  diffraction  gratings.  Great  care  was  taken  to 
shield  the  plate  and  machine  from  temperature  changes  or 
accidental  disturbances  during  the  process  of  ruling,  and  it 
is  but  just  to  say  that  the  results  were  far  superior  to  any- 
thing that  had  been  previously  accomplished.  Moreover, 
Rowland  hit  upon  the  happy  idea  of  ruling  on  a  concave 
reflecting  surface,  so  that  the  use  of  lenses  might  be  dis- 
pensed with.  He  has  enlarged  the  dimensions  of  these 
gratings  and  improved  their  quality  to  an  extent  no  one  had 
thought  possible,  and  he  has  devised  special  forms  of  ap- 
paratus by  which  they  may  be  used  in  photographing  spec- 
tra. He  has  himself  completed  a  most  extensive  series  of 
photographic  maps  of  the  whole  solar  spectrum,  on  a  scale 
enormously  greater  than  any  attempted  before  he  made 
this  special  field  his  own.  His  gratings  and  photographic 
methods  in  the  hands  of  other  observers  have  been  the 
means  of  adding  greatly  to  our  knowledge,  not  only  of  the 
solar  spectrum,  but  of  the  spectra  of  the  elements,  stellar 
spectra,  etc.,  and  it  may  justly  be  said  that  no  more  import- 
ant contribution  to  spectrum  analysis  has  been  made  any- 
where during  the  past  twenty-five  years. 

In  the  determination  of  one  of  the  most  important  opti- 
cal constants,  the  velocity  of  light,  it  is  universally  conceded 
that  American  physicists  have  reached  the  highest  degree 
of  precision.  So  swift  is  the  speed  of  light  that  it  was  long 
thought  to  require  no  time  in  travelling  from  point  to  point- 
Galileo  thought  it  must  have  a  finite  velocity  and  made 
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some  experiments  to  determine  if  this  were  true,  but  with- 
out suecess.  In  1676,  Romer,  a  young  Danish  astronomer, 
announeed  to  the  French  Academy  of  Science  his  discovery 
of  the  velocity  of  light,  by  observations  of  the  eclipses  of 
Jupiter's  satellites,  and  this  important  fact  was  confirmed 
not  long  after  by  Bradley,  the  English  astronomer,  in  the 
discovery  of  "aberration,"  which  furnished  a  much  more 
accurate  value  of  the  velocity  constant  than  that  given  by 
the  Dane.  For  a  long  time  it  was  not  thought  possible  to 
measure  the  velocity  of  light,  exceeding  as  it  does  180,000 
miles  per  second  of  time,  by  any  other  than  astronomical 
methods  in  v/hich  the  space  travelled  over  was  sufficiently 
great  to  require  a  measurable  period  of  time.  In  the  early 
part  of  this  century,  however,  it  became  very  important  to 
devise  a  means  of  measuring  very  small  intervals  of  time 
with  such  accuracy  as  to  make  it  possible  to  determine  the 
velocity  of  light  trav^elling  over  short  distances,  and  the 
skill  of  the  ablest  physicists  was  challenged  to  accomplish 
this  result.  The  difficulty  of  the  problem  will  be  understood 
when  it  is  remembered  that  light  will  travel  a  mile  in  a 
little  more  than  one-two-hundred- thousandth  of  a  second, 
and  if  that  distance  could  be  used  as  the  base,  for  the  result 
to  be  true  within  i  per  cent,  it  would  be  necessary  to  meas- 
ure time  correctly  to  within  one-twentv-millionth  of  a  sec- 
ond. The  importance  of  the  problem  grew  out  of  the  fact 
that  the  emission  theory  of  light,  as  conceived  by  Newton, 
still,  up  to  the  middle  of  this  century,  had  many  adherents, 
and  an  cxperimentum  crucis  which  would  forever  determine 
between  that  and  the  wave  theory  was  greatly  desired. 
This  presented  itself  in  the  relative  velocity  of  light  in  rare 
and  dense  media,  in  regard  to  which  the  two  theories  were 
diametrically  opposed  to  each  other.  Everybody  knows 
how  Foucault,  taking  advantage  of  an  ingenious  application 
of  a  swiftly-revolving  mirror  used  by  Wheatstone,  in  an  at- 
tempt to  measure  the  velocity  of  electricitv,  completely  set- 
tled the  question  by  a  beautiful  experiment  which  he  re- 
ported to  the  French  Academy  on  May  6,  1850.  Finding 
the  velocity  less  in  water  than  in  air,  the  emission  theory 
of  light  was  compelled  to  yield  its  last  foothold.     But  there 
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were  many  other  problems  of  great  interest  to  be  solved  by 
more  accurate  methods  of  measuring  the  velocity  of  light 
and  many  physicists  attempted  to  improve  upon  Foucault's 
process.  The  most  successful  of  all  was  Michelson,  a  grad- 
uate of  the  U.  S.  Naval  Academy,  who  so  modified  Fou- 
cault's apparatus  as  to  insure  an  accuracy  about  two  hun- 
dred times  as  great.  In  conjunction  with  Newcomb,  Amer- 
ica's most  distinguished  astronomer,  he  made  a  series  of 
experiments  which  are  everywhere  accepted  as  the  most 
refined  determinations  of  this  important  constant.  Michel- 
son  has  since  devoted  most  of  his  energy  and  talent  to 
optical  research,  in  every  department  of  which  he  has  met 
with  signal  success.  In  his  invention  of  the  Interfer- 
ometer he  has  furnished  an  instrument  for  delicate  research 
in  light  transmission  productive  of  many  very  important 
results.  In  1892  he  succeeded  in  making  a  very  precise 
comparison  of  the  wave-length  of  light  with  the  interna- 
tional prototype  meter  at  Paris,  the  unit  of  length  for  the 
civilized  world,  and  he  has  successfully  carried  out  other  re- 
searches in  light  too  numerous  to  mention  here. 

Very  important  contributions  to  our  knowledge  of  the 
solar  spectrum  have  been  made  by  Langley,  Secretary  of  the 
Smithsonian  Institution.  They  were  begun  at  the  Allegheny 
Observator}^  of  which  he  was  director,  and  have  been  con- 
tinued, being,  indeed,  still  in  progress  at  the  Astro-physical 
Observatory  at  Washington.  Langley  made  an  important 
modification  of  Siemens's  electric  resistance  thermometer, 
adapting  it  to  the  most  refined  problems  of  radiant  energy, 
and  in  his  hands  the  Bolometer,  as  it  is  called,  has  thrown  a 
flood  of  light  upon  hitherto  unexplored  regions  of  the  solar 
spectrum.  He  has  especially  explored  the  infra-red  region 
of  the  spectrum  and  has  been  able  to  detect  radiation  of 
wave-lengths  enormously  greater  than  any  hitherto  found. 
He  has  utilized  the  same  device  in  an  investigation  of  the 
temperature  of  the  moon,  and  in  the  study  of  sources  of 
light  apparently  unaccompanied  by  heat.  One  of  his  most 
interesting  researches  has  revealed  the  fact  that  the  char, 
acter  of  sunlight  is  greatly  modified  by  absorption  in  its 
passage  through  the  earth's  atmosphere,  and  that  the  color 
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of  the  sun,  if  it  could  be  seen  unaffected  by  this  absorption, 
would  be  a  greenish-blue. 

The  restrictions  of  the  occasion  will  not  permit  of  further 
details  of  these  interesting  investigations  or  of  other  im- 
portant contributions  to  optics  made  by  American  physicists. 
It  is  impossible,  however,  to  omit  a  brief  mention  of  the  in- 
debtedness of  American  students  of  optics,  and  of  scientific 
men  throughout  the  world,  to  the  exquisite  skill  in  the  pro- 
duction of  optical  apparatus  possessed  by  two  or  three 
American  artists.  Pre-eminent  in  this  field  have  been  the 
Clarks,  father  and  sons,  now  alas!  dead,  and  Brashear,  of 
Alleghen}-,  still  in  the  prime  of  a  life  which  has  been  de- 
voted to  the  mastery  of  mechanical  difficulties  in  the  way 
of  producing  optical  surfaces  of  the  very  highest  accuracy. 
The  almost  unique  position  which  American  physicists  oc- 
cupy to-day  in  the  domain  of  optical  research  is  largely 
due  to  the  delicate  touch  and  brain-directed  handicraft  of 
these  men. 

Equally  important  extensions  of  our  knowledge  of  that 
form  of  radiant  energy  known  as  heat  have  taken  place 
during  the  last  three-quarters  of  the  century,  but  the  con- 
tributions of  American  physicists  have  not  here  been  so 
notable.  Much  has  been  done,  however,  worthy  of  mention, 
if  only  time  permitted,  and  some  record  must  be  made  of 
work  in  this  field  not  already  included  in  the  investigations 
of  Draper,  Langley  and  others.  Rowland's  determination  of 
the  mechanical  equivalent  of  heat  will  always  rank  as  a 
classic.  Following  the  general  plan  of  Joule's  famous  ex- 
periment he  greatly  improved  the  apparatus,  giving  especial 
attention  to  the  change  in  the  specific  heat  of  water  with 
varying  temperature,  and  the  thermometric  part  of  the  work 
was  much  more  precise  than  that  of  Joule.  The  practical 
value  of  the  result  was  great,  and  the  theoretical  even 
greater,  because  it  has  destroyed  certain  discrepancies 
previously  existing  among  values  of  this  constant  obtained 
by  widely  differing  methods. 

If  I  had  to  do  with  applied  physics,  there  would  be  much 
to  say  of  the  share  of  our  countrymen  in  the  wonderful  de- 
velopment and  improvement    of    heat-engines    and    of  the 
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enormously  increased  utilization  of  the  energy  of  fuel,  but 
this  phase  of  the  question  I  must  not  touch. 

In  that  department  of  physics  of  which  but  little  was 
known  a  hundred  years  ago — electricity  and  magnetism — 
our  philosophers  have  been  among  the  first.  At  the  close 
of  the  last  century  our  most  brilliant  scholar  and  diplomat, 
Benjamin  Franklin,  was  the  world's  most  distinguished 
electrician.  When  this  institution  which  bears  his  name 
was  assuming  form  seventy-five  years  ago,  one  who  was 
destined  to  be  second  only  to  him  in  renown  as  a  student  of 
electricity  was  just  beginning  a  series  of  investigations 
which  added  great  luster  to  American  science.  Of  the  work 
of  Joseph  Henry  in  electricity,  most  of  which  was  done  while 
he  was  still  a  very  young  man,  at  the  iVlban}'  Academy,  I 
may  be  permitted  to  quote  what  I  have  said  in  another 
place.  His  first  important  work  was  the  development  and 
perfecting  of  the  electro-magnet.  With  this  now  common- 
place but  most  important  electrical  device  three  names  will 
always  be  associated.  Shortly  after  the  announcement  of 
Oersted's  brilliant  discovery,  which  furnished  the  first  con- 
necting link  between  electricity  and  magnetism,  Arago  had 
announced  the  interesting  fact  that  if  rods  of  steel  or  iron 
were  placed  in  a  glass  tube  around  which  a  wire  was  coiled 
so  that  the  adjacent  rings  did  not  touch  each  other,  they 
would  become  magnetic  on  the  passage  of  a  current  of 
electricity  through  the  wire.  Thus  Oersted's  discovery, 
that  an  electrical  current  would  influence  a  magnet,  was  sup- 
plemented by  Arago's,  that  it  would  also  produce  a  magnet. 
Three  or  four  years  later  another  notable  step  in  advance 
was  made  by  Sturgeon,  in  England,  who  produced  for  the 
first  time  what  has  since  been  known  as  an  "electro- 
magnet." He  bent  a  bar  of  soft  iron  into  the  shape  of  a 
horseshoe,  thus  bringing  the  poles  into  the  same  plane  for 
greater  convenience ;  and  he  dispensed  with  the  glass  tube 
used  by  Arago,  by  varnishing  his  iron  core,  thus  insulating 
the  coils  of  naked  wire,  which  he  wound  in  a  spiral  about  it. 
But  the  most  powerful  electro-magnets  made  by  Sturgeon's 
method  were  insignificant  compared  with  what  Henry  was 
able  to  produce  a  few  years  later.     Instead  of  varnishing 
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the  iron  core  and  using  naked  wire,  he  insulated  the  copper 
wire  itself  bv  covering  it  with  silk,  and  this  enabled  him  to 
coil  the  wire  closely  and  to  make  two  or  more  layers  about 
the  core.  This  had  the  effect  of  enormously  increasing  the 
strength  of  the  magnets  produced,  and  Henry  at  once 
recognized  the  importance  of  the  discovery.  But  he  carried 
the  investigation  much  further,  examining  into  the  relation 
of  the  battery  to  the  magnet,  developing  two  forms  of  the 
latter,  which  he  called  "quantity"  and  "intensity"  magnets, 
and  by  the  aid  of  the  latter  succeeded  in  making  visible 
and  audible  signals  at  the  end  of  a  long  line,  which  had  been 
declared  to  be  impossible  by  Barlow. 

He  actually  set  up  in  the  hall  of  the  Albany  Academy  a 
line  more  than  a  mile  in  length,  through  which  signals 
were  transmitted  without  difficulty,  and  the  principles  in- 
volved were  so  well  understood  by  Henry,  that  even  then — 
in  1832 — he  confidently  declared  that  transmission  through 
any  reasonable  distance  was  possible.  This  system  was  the 
germ  of  all  modern  telegraphy.  At  about  "the  same  time  its 
development  in  Europe  began;  but  at  first  and  for  many 
years  all  European  systems  were  based  on  the  phenomenon 
discovered  by  Oersted — the  deviation  of  a  needle  on  the 
passage  of  an  electric  current  through  a  conductor  near  and 
parallel  to  it.  While  Henry  was  exhibiting  his  perfectly 
conceived  and  well-executed  scheme  for  electric  transmis- 
sion to  visiting  friends,  Baron  vSchilling,  a  Russian  Coun- 
cillor of  State,  set  up  a  model  of  his  proposed  electric  tele- 
graph before  the  Emperors  Alexander  and  Nicholas,  the  first 
of  the  many '•  needle  "  systems  which  prevailed  in  Europe 
for  many  years,  but  which  were  finally  driven  out  by  the 
superior  merits  of  the  American  system.  Schilling's  tele- 
graph required  thirty-six  needles  for  its  operation,  besides  a 
complicated  device  for  an  audible  signal  to  attract  the  at- 
tention of  the  operator. 

In  connection  with  his  study  of  magnets,  Henry  also  de- 
vised what  is  now  generally  known  as  a  "relay,"  which  is 
an  arrangement  by  means  of  which  an  electro-magnet 
operated  by  one  current  is  made  to  clo.se  the  circuit  of  an- 
other battery,  thus  enabling  a  feeble  magnet,  requiring  only 
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a  feeble  current,  to  set  into  operation  another  at  any  point 
in  the  circuit.  Thus  he  had  evolved  all  the  essentials  of  a 
complete  telegraph  system,  lacking  only  mechanical  details 
which  engineering  skill  and  ingenuity  might  easily  have 
supplied. 

Had  Henry  been  less  a  lover  of  pure  science,  or  had  his 
commercial  instinct  been  more  highly  developed,  the 
Albany  Academy  mile  of  wire  would  have  grown  into  the 
telegraph  system  of  America,  instead  of  furnishing,  as  it 
unquestionably  did  ten  years  later,  the  principle  upon  which 
that  system  was  founded.  It  has  required  a  gbod  many 
years  to  dispel  certain  illusions  concerning  the  electric  tele- 
graph to  which  Americans  were  inclined  to  cling,  but  it  is 
now  tolerably  well  known  among  intelligent  people  that  the 
first  commercially  successful  electric  telegraph  line  was  not 
erected  in  this  country;  that  the  telegraph  can  in  no  sense 
be  called  an  American  invention,  although  the  American 
system  has  proved  to  be  so  superior  that  it  has  long  ago 
practically  superseded  all  others;  and  that  by  far  the  larger 
share  of  the  credit  for  the  success  of  this  system  is  due  to 
Joseph  Henry  for  his  discovery  of  the  scientific  principles 
upon  which  that  success  depended. 

In  the  meantime  Henr}- was  engaged  in  further  researches 
of  the  very  highest  importance.  He  sought  to  use  the 
powerful  magnets  which  he  was  now  able  to  construct  in 
the  solution  of  a  problem  which  had  thus  far  baffled  the 
efforts  of  the  ablest  electricians  in  Europe.  Having  suc- 
ceeded beyond  all  others  in  producing  magnetism  by  iising 
electricity,  he  hoped  to  be  able  to  successfully  attack  the  in- 
verse problem,  the  production  of  electricity  front  magnetism. 
All  physicists  believed  that  this  must  be  possible,  but  no 
one  had  hit  upon  the  method  of  doing  it.  Curiously  enough, 
another  great  experimental  philosopher,  also  a  young  man, 
had  set  for  himself  the  same  problem  and  worked  persist- 
ently upon  it  during  the  month  of  August,  1831.  During 
the  same  month  Henry  began  a  carefully  planned  series  of 
experiments,  which  unfortunately,  owing  to  his  duties  in  the 
Academy,  he  was  obliged  to  give  up,  not  being  able  to  re- 
turn to  them  for  nearly  a  year.     Entirely  ignorant  of  Henry's 
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plans.  Faraday,  on  the  30th  of  August,  183 1 — a  memorable 
day  in  the  history  of  electricity — made  the  capital  discovery 
of  induction,  on  which  practically  all  modern  electrical  de- 
velopment is  based.  Entirely  ignorant  of  what  Faraday 
had  done,  Henry  again  took  up  the  subject  and  had  the  good 
fortune  to  discover  the  identical  phenomenon  in  another 
aspect,  in  which  it  is  known  as  sclf-indtiction.  In  the  more 
recent  advances  in  applied  electricity,  self-induction  has 
come  to  be  a  matter  of  primary  importance,  and  time  has 
served  only  to  magnify  the  value  of  Henry's  discovery. 
Learning  of  Faraday's  experiments,  he  was  led,  through  their 
verification,  to  discover  induction  by  induced  currents,  con- 
cerning which  he  made  a  most  interesting  and  valuable  in- 
vestigation. Of  his  many  other  important  discoveries  in 
electricity  there  is  one  that  must  not  be  passed  without 
mention.  It  was  that  the  discharge  of  a  Leyden  jar  was 
oscillatory  in  character,  in  which  he  anticipated  Helmholtz 
and  Lord  Kelvin  in  the  recognition  of  a  phenomenon  which 
has,  within  a  very  few  years,  come  to  have  "a  deep  import. 
The  present  estimate  of  the  value  of  Henry's  work  in 
electricity  is  reflected  in  the  following  remarks,  made  not 
long  ago  by  one  of  England's  leading  electricians:  "  At  the 
head  of  this  long  line  of  illustrious  investigators  stand  the 
names  of  Faraday  and  Henry.  On  the  foundation-stones  of 
truth  laid  down  by  them,  all  subsequent  builders  have  been 
content  to  rest  *  --  *  '-'^  In  them  (the  scientific  writings 
of  Henry)  we  have  not  only  the  lucid  explanations  of  the 
discoverer,  but  the  suggestions  and  ideas  of  a  most  pro- 
found and  inventive  mind,  and  which  indicate  that  Henry 
had  early  touched  levels  of  discovery  only  just  recently  be- 
coming fully  worked." 

In  the  study  of  Terrestrial  Magnetism,  the  great  work  of 
Bache,  begun  in  Philadelphia  and  continued  with  important 
extension  in  the  United  vStates  Coast  and  Geodetic  Survey, 
of  which  he  was  the  most  famous  superintendent,  is  worthy 
of  the  highest  praise.  The  work  of  Rowland  in  electricity 
and  magnetism  has  been  of  much  importance,  and  especial 
mention  must  be  made  of  his  beautiful  experiment  in  1876, 
in  which  he  showed  that  a  magnetic  needle  was  affected  by 
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a  rotary  disk  carrying  an  electric  charge,  and  also  of  his  re- 
determination of  the  value  of  the  ohm  at  a  later  date. 

It  is  again  ditficult  to  resist  the  temptation  to  discuss  the 
practical  applications  of  electrical  discoveries,  for  in  this 
field  it  may  justly  be  said  that  our  countrymen  have  out- 
ranked all  others.  It  would  be  a  pleasure  to  relate  some- 
thing of  the  labors  and  successes  of  Wallace,  the  pioneer  in 
the  production  of  strong  currents  by  the  use  of  a  dynamo ; 
of  Brush,  who  first  solved  the  problem  of  arc  lighting;  of 
Edison,  whose  ingenious  inventions  in  duplex  and  multi- 
plex telegraphy  have  been  eclipsed  by  his  creation  of  the 
incandescent  system  of  electric  lighting;  of  Bell,  whose 
beautifully  simple  device  for  the  electric  transmission  of  hu- 
man speech  startled  the  world  in  1876,  and  has  since  all  but 
revolutionized  the  conduct  of  the  ordinary  affairs  of  life; 
and  of  others  who  have  contributed  during  the  last  quarter 
of  a  century  to  put  the  United  States  far  in  advance  of  all 
other  countries  in  the  application  of  scientific  discovery  to 
the  improvement  of  the  condition  of  mankind. 

In  other  departments  of  physics  American  scholars  have 
also  had  their  share.  In  sound,  important  researches  were 
made  by  Henry,  and  beautiful  experimental  investigations 
were  carried  out  by  Mayer,  leading  to  important  results. 
In  meteorology,  which  is  physics  applied  to  the  atmosphere, 
the  names  of  Espy,  Loo  mis,  Ferrel  and  Abbe  are  every- 
where known.  The  work  of  the  Coast  Survey  in  Terres- 
trial Physics,  including  magnetism  and  gravity,  is  univer- 
sally admitted  to  be  of  the  first  order.  In  the  application 
of  physics  to  astronomy,  American  scholarseasily  rank  with 
the  highest;  but  into  these  and  other  regions  I  must  not 
go,  however  much  drawn  towards  them,  for,  unsatisfactory 
as  my  sketch  is  to  its  author,  it  must  be  brought  to  an  end. 
It  has  been  confined  entirely  to  work  accomplished  and  it 
has  not  ventured  to  suggest  what  the  new  century  has  in 
store.  Within  the  last  ten  3''ears  a  new  group,  almost  a  new 
school  of  American  physicists,  has  made  its  appearance. 
With  the  enthusiasm  and  vigor  of  youth,  prepared  by  the 
best  of  training  under  the  most  favorable  circumstances, 
great  in  numbers  and  strong  in  purpose,  these  twentieth 
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century  philosophers  may  be  trusted  to  maintain  the  rank 
won  by  their  illustrious  predecessors  and  to  add  to  their 
country's  renown  by  the  splendor  of  their  achievements. 

But  it  may  be  well  to  remind  them  that  the  problems 
which  the  nineteenth  century  passes  on  to  the  twentieth  are 
not  all  related  to  science,  pure  or  applied.  How  to  use  is 
often  as  important  as  how  to  produce.  In  spite  of  the 
enormous  increase  in  the  production  of  the  necessities  of 
life  and  the  extraordinary  diminution  in  their  cost,  their 
acquisition  by  the  great  majority  of  the  race  still  m.eans  the 
exhaustion  of  their  entire  stock  of  energy.  And  this  con- 
dition of  things  is  being  still  further  intensified  by  a  steadily 
increasing  proportion  of  idle,  non-productive  population,  an 
element  of  both  weakness  and  danger  which  modern  civili- 
zation has  thus  far  been  unable  to  throw  off.  For  the 
avowed  purpose  of  keeping  the  peace,  the  world  becomes  a 
vast  military  camp,  and  it  is  not  easy  to  decide  whether 
scientific  discovery  has  contributed  most  to  the  prolonga- 
tion and  betterment  of  human  life  or  to  the  construction  of 
improved  machinery  for  its  destruction.  The  cost  of  a  single 
steel-clad  battleship  would  establish,  equip  and  richly  endow 
a  university,  and  the  expenditure  necessary  to  keep  it  in 
commission  would  maintain  an  institution  for  original  re- 
search of  such  capacity  and  proportions  that  its  output 
would  be  a  never-ending  blessing  to  all  the  people.  Let  us 
hope  that  among  the  glories  of  the  twentieth  century  may 
be  the  recognition  of  the  incongruity  of  a  beneficence  which 
seems  to  be  founded  upon  the  sentiment  "  Whom  we  would 
help  let  us  first  kill." 
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KLBCTRICAL     SECTION. 

stated  Meeting  held  March  21,  1899. 

A    PHOTOMETRIC    COMPARISON   of    ILLUMINAT- 
ING GLOBES. 


By  Robert  B.  Wiixiamson  and  J.  Henry  Ki^inck. 


Sources  of  artificial  illumination  do  not,  as  a  rule,  radiate 
light  in  the  direction  desired.  It  is,  therefore,  necessary  to' 
control  the  direction  of  radiation  by  the  use  of  "  distribut- 
ing" globes. 

Further,  the  radiating  surface  has,  usually,  so  great  an  in- 
trinsic brightness  as  to  give  an  unpleasant,  glaring  effect. 
This  must  be  corrected  by  the  use  of  "diffusing"  globes. 

The  ideal  globe  should  have  both  distributive  and  dif- 
fusive action,  the  extent  and  character  of  each  being  deter- 
mined by  the  nature  of  the  source  and  the  kind  of  illumina- 
tion desired. 

The  action  of  a  globe  in  modifying  the  intensity  of  the 
light  in  a  given  direction  is  in  general  fourfold  :  First,  the 
radiations  striking  the  inside  of  the  globe  in  the  given 
direction  are  partly  absorbed,  leaving  the  emergent  rays 
lessened  in  intensity;  second,  radiations  originally  not  in 
the  given  direction  are  brought  into  that  direction  by  re- 
flection; third,  radiations  are  brought  into  the  given 
direction  by  refraction ;  and  fourth,  a  portion  of  the  radia- 
tions absorbed  by  the  globe  are  emitted  again  by  it,  and 
thus  becomes  more  or  less  luminous  over  its  entire  surface. 

The  tests  described  in  this  paper  were  made  with  the  ob- 
ject of  determining  the  relative  merits  of  the  various  globes 
at  present  available  for  use  in  connection  with  the  Welsbach 
incandescent  mantle.  The  results  given  do  not  include  all 
the  data  obtained,  but  are  those  which  have  been  selected 
as  being  of  most  interest. 

As  no  satisfactory  "glare"  test  is  known  at  present,  the 
investigation  was  confined  to  the  effect  of  the  distributing 
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properties  of  the  globes  when  used  in  connection  with  the 
Welsbach  burner. 
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The  tests  were  made  by  means  of  the  Biinsen  photometer. 

A,  Fig.  /,  is  the  bar  upon  which  the  carriage,  B,  contain- 
ing the  disc  slides.  Cand  Care  two  screens  with  openings 
in  them  opposite  the  sources  of  light,  s  is  the  standard,  and 
a  the  burner  upon  which  the  globe  to  be  tested  is  mounted. 

The  standard  consists  of  a  Welsbach  burner,  in  front  of 
which  is  a  screen  with  a  horizontal  slit  of  such  width  as  to 
cut  off  the  extreme  top  and  bottom  of  the  mantle.  These 
portions  being  subject  to  variations  in  brightness,  due  to 
the  unavoidable  dancing  of  the  gas  flame.  The  slit  proved 
itself  to  be  entirely  satisfactory. 

The  burner,  a,  is  mounted  upon  an  arm,  b,  which  rotates 
in  a  vertical  plane  about  a  pin  in  a  fixed  support.  This 
pin  is  in  line  with  the  center  of  the  disc  in  the  car- 
riage, and  the  center  of  the  standard  burner.  Fas- 
tened to  the  arm,  b,  is  an  index  plate,  c,  with  holes 
10°  apart,  a  hole  of  the  same  size  being  drilled  through  the 
fixed  support.  By  passing  a  tapered  pin  through  this  hole 
and  the  proper  hole  in  the  index  plate,  the  test  burner  can 
be  placed  in  any  desired  position  with  respect  to  the  hori- 
zontal. 

The  mirror,  ;;/,  is  rigidly  connected  to  the  arm,  b,  and  its 
plane  makes  an  angle  of  45°  with  the  arm,  b,  the  center  of 
the  mirror  being  directly  in  the  line  joining  the  center  of 
the  standard  burner,  the  center  of  the  Bunsen  disc,  and 
the  pin  about  which  the  arm,  b,  rotates. 

The  burner,  a,  is  so  mounted  as  to  be  free  to  turn  in  a 
plane  parallel  to  that  in  which  the  arm,  b,  rotates,  its  dis- 
tance from  the  center  remaining  practically  constant. 

Rotating  the  arm,  b,  about  its  bearing,  keeping  the  test 
burner  always  vertical,  by  means  of  a  level,  and  taking  read- 
ings for  each  position  of  the  bar,  b,  the  vertical  distribution 
of  light  about  the  globes  is  obtained. 

It  is  not  possible  to  move  the  arm,  b,  entirely  through 
180°,  for  when  at  90°  below  the  horizontal  the  mirror  is 
directly  above  the  burner  and  is  liable  to  crack.  This 
necessitates  the  exclusion  of  the  reading  corresponding  to  a 
position-  directly  over  the  lamp.  This  reading  is  certainly 
not  greatly  different  from  the  one  just  preceding  it. 
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Before  obtaining  the  data,  the  mantles  on  the  standard 
burner  and  the  test  burner  were  allowed  to  burn  for  some 
time  to  allow  them  to  settle  to  a  constant  state ;  this  was 
especially  necessary  whenever  new  mantles  were  used. 

The  distribution  around  the  bare  mantle  was  then  ob- 
tained by  taking  two  complete  sets  of  observations,  and 
checking  them  by  a  third  set  of  partial  readings. 

The  globe  under  test  was  then  placed  upon  the  burner,  a, 
and  two  sets  of  readings  taken,  these  being  also  checked  by  a 
third  partial  set.     The  bare  distribution  was  then  checked 


again,  and  in  case  of  a  disagreement  between  the  final  read- 
ings and  the  first  ones,  the  test  was  repeated. 

The  mantles  remained  quite  constant,  the  greatest 
trouble  experienced  being  with  the  test  mantle,  due  to  the 
rough  usage  to  which  it  was  subjected.  A  small  opening 
in  the  mantle  would  widen  and  change  the  distribution  so 
much  between  the  taking  of  the  bare  curve  and  the  final 
check,  that  the  mantles  had  to  be  discarded  upon  the  first 
sign  of  breakdown.  When  one  of  the  mantles  gave  out,  both 
were  renewed.  It  was  found  that  the  mantle  is  particularly 
sensitive  to  changes  in  the  condition  of  the  air;  when  the 
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room  was  at  all  close  it  was  found  impossible  to  obtain  sat- 
isfactory results.  Too  much  ventilation,  on  the  other  hand, 
caused  a  very  annoying  dancing  of  the  flame,  which,  when 
present  to  a  small  degree,  was  satisfactorily  annulled  by  the 
slit  mentioned  above. 

The  walls  of  the  room,  the  screens  and  bar  were  all  dull 
black,  as  were  certain  spots  on  the  floor  upon  which  the 
light  fell,  as  at  the  beginning  trouble  was  experienced 
when  reading  at  angles  below  the  horizontal,  owing  to  re- 
flected light  striking  the  mirror  and  being  thrown  along 
the  bar. 

The  Welsbach  was  used  as  a  standard  for  the  reason  that 


19 

the  Bunsen  disc  gives  the  most  satisfactory  results  when 
the  sources  compared  are  identical  in  color.  The  ordinary 
mica  chimney,  commonly  seen  on  Welsbach  burners,  was 
used  throughout  the  entire  series  of  tests. 

Two  observers  were  employed,  one  to  read  the  photome- 
ter, the  other  to  adjust  the  test  burner  and  record  the  read- 
ings of  the  bar,  as  well  as  the  position  of  the  arm,  b. 

The  globes,  or  reflectors,  and  the  curves  obtained  from 
them  have  been  given  the  same  number  in  the  figures  to  al- 
low of  easy  reference  from  one  to  the  other.  In  curve  7 
is  shown  the  distribution  given  by  the  flat,  crimped,  opal 
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No.  5.— Holophane.    i  iuch  =  20  c.  p. 


Bare  lamp  A. 

Area  above  horizontal,  i2"58. 
'*     below  "  III5- 

Total,  2373. 


Holophaue  B. 

Area  above  horizontal,    T<)2 
"     below  "  1272. 

Total,  20-64. 
Efficiency,  87  per  cent. 
Mean  spherical,  c.  p..  A,  46  46. 
"      8,41-28. 


No.   10. — Ground  globe,  egg  shape,    -with 
wide  flutings.     i  inch  =  20  c.  p. 


Bare  lamp  A. 


Area  above  horizontal,  12-40. 
below  "  10-7S. 

Total,  23-18. 


Ground  globe  B. 

Area  above  horizontal,  9*96. 
"     below  "  8-44. 

Total,  18-40. 
Efficiency,  79-3. 
Mean  spherical,  c.  p..  A,  46-36. 
"  "     B,  36-80. 
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No.  13.— Plain  ground  globe. 


Bare  lamp  A. 


Area  above  horizontal,  I2'07. 
"    below  "  ii'4. 

Total,  24-1. 


Ground  globe  B. 


Area  above  horizontal,  9*95. 
"     below  "  9'95. 

Total,  1-95. 
Efficiency,  S0-9. 
Mean  spherical,  c.  p..  A,  48'; 
■f     B,  39. 


No.  7. — Opal  reflector,     i  inch  =  20  c.  p. 


No.    II. — Plain    opal  globe    (egg  shape). 
I  inch  =  20  c.  p. 


Bare  lamp  A. 

.\rea  above  horizontal,  ■  6-41. 
below  "  14*20. 

Total,  20-61. 

Efficiency,  86-8  per  cent. 
Mean  spherical,  c.  p.,  A.  46*46. 
B,  41-22. 


Opal  reflector  B. 

Area  above  horizontal,  I2*,';8. 
"     below  "  11*15. 

Total,  23*75. 


Bare  lamp  A. 

Area  above  horizontal,  12*40. 
"     below  "  10*78. 

Total,  23*18. 


Opal  globe  B. 

Area  above  horizontal,  8-6S. 
"     below  "  7-21. 

Total,  15-89. 

Efficiency,  685  per  cent. 
Mean  spherical,  c.  p.,  .A,  46*36. 
"      B,  31-78. 


No.    16.  — Egg  shape  globe    (light  opales- 
cent).    I  inch  =  20  c.  p. 


Bare  lamp  A. 


Area  above  horizontal,  11 'oo. 
"    below  "  9'6o- 

Total,  20-6C, 


Globe  B. 

Area  aboveihorizontal,  'o*u. 

"    below  *'  6*48. 

Total,  18*60. 

Efficiency,  90*2  per  cent. 
Mean  spherical,  c.  p..  A,  41*20. 

•  ■  "  "       B,  37"»o. 
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No.  15. — Conical  mirror  reflector. 
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No.  19. — Holophane. 


No.    24.— Holophane,    wide    tulip,    made 
from  same  tool  as  No.  20  surface,  fired. 


No.    27. — Holophane,    pear-shaped     holo- 
phane for  vertical  distribution. 


Bare  lamp  A. 
Area  above  horizontal,  6" 20. 
"     below  "  5'52. 

Total,  1172. 

Lamp,  with  reflector  B. 
Area  above  horizontal,    '62. 
"     below  "  8"i4. 

Total,  876. 

Efficiency,  747  per  cent. 
Mean  spherical,  c.  p.,  A,  46-88. 
"       B,  35-04. 


Bare  lamp  A. 

Area  above  horizontal.  16-66. 
"     below  "  12-3S. 

Total,  29-04. 

Holophane  B. 
Area  above  horizontal,  ii-g. 
"     below  '*  10-52. 

Total,  2242. 
Efficiency,  77-3. 
Mean  spherical,  c.  p..  A,  58-0 
"      B,  44-8 
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reflector  commonly  used  with  the  Welsbach  mantle.  (In 
the  illustration  the  reflector  is  shown  mounted  upon  a 
beaker.)  The  bare  curve  is  shown  by  the  broken  line,  A,  and 
the  distribution  with  reflector  by  the  full  line,  B;  this  con- 
vention is  used  in  all  the  curves. 

From  curve  7  it  can  be  seen  at  once  that  not  only  is  the 
light  directly  under  the  burner  enormously  increased,  but 
that  an  increase  occurs  at  almost  every  point  below  the 
horizontal.  The  large  loop  at  the  top  in  this,  and  the  other 
curves,  is  due,  in  part,  to  the  light  which   escapes  through 


^£^^^^^£££^,^J^  € 


/  24 

the  necessary  opening  in  the  top  of  the  reflector,  or  globe, 
and  in  part  to  the  light  diffused  by  the  globe.  In  the  use 
of  this  reflector  there  is  but  one  disadvantage  apparent, 
that  is,  the  glare  of  the  mantle  itself  is  not  in  any  way  re- 
duced; this  can  be  done  with  this  reflector  to  a  degree 
by  the  use  of  the  small  ground  glass  cup  which  is  some- 
times placed  at  the  base  of  the  chimney. 

Globes  8,  9,  10,  II  and  16  all  have  the  shape  shown  in 
illustration  16. 

Curve  10  is  from  an  egg-shaped  globe  of  ground  glass,  the 
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fluting  being  inside  and  out,  and  being  three  times  as  wide 
as  in  globe  8.  This  curve  shows  an  increase  directly  above 
and  below  the  burner  which  would  be  noticeable  under 
ordinary  conditions.  The  absorption  between  60°  above 
and  60°  below  the  horizontal  is  quite  marked. 

Curve  1 1  is  from  an  egg-shaped  globe  of  plain  opal  and  is 
noticeable  only  for  the  large  amount  of  absorption  shown, 
the  diffusion  being,  of  course,  the  redeeming  feature  of  this 
globe. 

Curve  16  is  from  an  egg  shaped  globe  of  fluted  opales- 
cent glass,  the  fluting  being  both  vertically  and  spirally. 


27 

Globes  12,  13  and  17  are  all  of  the  shape  shown  in  illus- 
tration 17. 

Curve  13  is  from  a  spherical  globe  of  ground  glass 
and  shows  its  diffusive  action  by  increasing  noticeably 
the  amount  of  light  directly  above  and  below  the  burner. 

Curve  17  is  from  a  spherical  globe,  the  upper  portion  of 
which  is  ground,  the  lower  being  clear.  The  curve  shows 
diffusive  action  upwards,  although  apparently  designed  to 
reflect  the  light  downwards. 
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Curves  14  and  15  are  from  mirror  reflectors,  shown  in  il- 
lustration 15.  They  are  constructed  of  a  number  of  seg- 
mental pieces  of  mirror  glass  held  in  position  by  means  of  a 
.metal  backing.  Curve  14  is  from  a  nearly  flat  mirror  reflec- 
tor. The  light  is  thrown  down  and  concentrated  between 
20*^  and  70°  below  the  horizontal,  the  amount  directly  under 
the  burner  being  very  small. 

Curve  15  is  from  the  reflector  shown  (supported  on  a 
beaker)  in  illustration  15,  the  mirrors  in  this  case  making 
an  angle  of  45°  with  the  horizontal.  As  a  means  of  obtain- 
ing a  brilliant  illumination  in  a  small  space,  this  reflector 
gives  the  best  results  of  any  of  those  upon  which  data 
were  obtained. 

Curves  5,  19,  24  and  27  were  obtained  from  "Holophane" 
globes.  These  globes  consist  of  clear  glass,  with  vertical 
ribs  on  the  inside,  and  horizontal  ribs  on  the  outside.  The 
inner  ribs  are  all  similar  in  shape,  and  the  outline  is  that  of 
a  sine  curve.  The  outer  ribs  vary  in  shape  with  the  service 
for  which  the  globe  is  designed,  being  simply  prisms  in  the 
case  of  19  and  27,  and  varying  in  orutline  in  5  and  24. 

The  general  principle  of  construction  being  to  refract  or 
reflect  the  ra}',  from  a  region  where  it  would  be  wasted  to 
the  point  at  which  it  is  desired  to  use  it. 

Curve  5  is  from  a  globe  intended  for  nearly  horizontal 
distribution. 

Curve  19  is  from  a  globe  intended  for  street  lighting,  or 
general  illumination,  the  "major  portion  of  the  light  being 
thrown  below  the  horizontal. 

Curve  27  is  from  a  globe  similar  to  19,  except  for  an 
added  top  portion.  This  curve  has  a  higher  maximum  read- 
ing than  19.  This,  however,  is  not  due  to  the  top  entirely, 
but  to  the  fact  that  the  globe  had  been  "  fire-polished,"  that 
is,  heated  enough  to  cause  the  surface  to  glaze  over,  and 
remove  all  traces  of  the  mould.  A  globe  similar  in  design 
to  19,  but  which  has  been  fire-polished,  gives  a  maximum 
reading  very  nearly  equal  to  27. 

The  selected  results  in  this  paper  are  offered  as  examples 
of  the  performance  of  the  various  types  of  globes  available 
for  use   with    the    Welsbach    mantle.     They  show    that  a 
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globe,  or  reflector,  must  be  designed  with  due  regard  to  the 
service  expected  of  it. 

No  highly  ornamental  or  decorated  globes  were  tested, 
since  these  are  used  as  a  rule  under  conditions  in  which 
efficiency  of  illumination  is  not  important,  this  being,  in 
fact,  of  secondary  consideration  as  compared  with  the  artis- 
tic effect. 

Department  of  Physics  and  Ei.ectrical  Engineering, 
The  Lehigh  University,  March,  1899. 


NOTES   AND   COMMENTS. 


COST  OF  GOOD  ROADS  AND  LOSS  FROM  BAD  ROADS. 

In  a  paper  read  before  the  Engineers'  Club  of  Philadelphia,  recently, 
Gen.  Roy  Stone,  Director  of  the  Office  of  Road  Inquiry  in  the  United  States 
Department  of  Agriculture,  discussed  "Various  Phases  of  the  Road  Ques- 
tion," sajs  i1/M7nVz/>a/ ^«^/«^^rzV?_^.  From  data  obtained  from  over  10,000 
letters  of  inquiry,  General  Stone  deduced  certain  figures,  referring  to  the 
average  length  of  haul  from  the  farms  to  market  or  shipping  points,  the 
average  weight  of  load  hauled  and  the  average  cost  per  ton  for  the  whole 
length  of  the  haul.     The  figures,  tabulated,  are  as  follows: 


Group  of  States. 

Average 
Haul, 
Miles. 

Eastern 

Northern 

5-9 

6-9 

8-8 

12-6 

8-8 

Middle 

Cotton 

Pacific  Coast  and  Mtn.     .   .  . 
Whole  United  States     .... 

23 '3 

I2'3 

Average 
Weight, 
Pounds. 


2,216 


1.397 
2,409 
2,197 
2,002 


Averaee  Cost  '^'^'^^^  Average 

Per^2ooo         '^TlZl'^r 

Pounds  f°^  ^y'?,^!^. 

Per  Mile.       !     Length  of 

Haul. 


P>  32 

27 

*3i 

*5 


25 


$1 

89 

I 

86 

*2 

72 

3 

05 

I 

94 

5 

12 

3 

02 

*  Middle  Southern  States. 

Assuming  the  correctness  of  the  data,  and  using  the  census  return  of  farm 
products  and  forest  and  mineral  outputs,  and  estimating  incidental  traffic, 
General  Stone  arrives  at  a  total  of  313,349,227  tons  as  representing  the  total 
annual  movement  over  country  roads.  At  the  average  cost,  $3.02  per  ton,  the 
grand  annual  cost  of  haulage  on  public  roads  amounts  to  1946,414,665.  Not 
including  the  loss  of  perishable  products  for  want  of  access  to  market  when 
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prices  are  good,  aud  the  uselessness  of  cultivating  certain  product'?  which 
depend  upon  the  markets  being  always  accessible,  statistics  of  the  cost  of 
operating  foreign  highways,  and  the  data  obtained  from  the  use  of  the  few 
good  roads  existing  in  this  country,  would  indicate  that  nearly  two-thirds  of 
.  the  above  cost  is  directly  chargeable  to  bad  roads.  The  enforced  idleness  of 
men  and  horses  during  a  large  part  of  the  year  is  another  item  which  should 
be  charged  largely  to  bad  roads  The  negative  or  hostile  attitude  of  the  rural 
population  toward  all  effective  legislation  in  this  direction  is  an  obstacle  also 
to  road  improvements  in  this  country,  while  another  is  the  general  over- 
estimate of  the  cost  of  such  improvement. 

A  few  years  ago  the  macadam  roads  of  New  Jersey  cost  1 10,000  per  mile; 
now  equally  good  roads  are  being  built  for  J3,ooo,  even  where  railway  trans- 
portation of  material  is  required;  and  in  localities  better  supplied  with  road 
material,  and  where  a  narrower  road  is  deemed  sufficient,  $1,500,  or  even  less, 
will  make  a  mile  of  good  stone  road.  Experience  has  demonstrated  the  fact 
that  in  most  country  districts  a  single  stone  road,  S  or  10  feet  wide,  with  a 
good  earth  road  on  one  or  both  sides,  is  more  generally  satisfactory  than  a 
wider  road  of  macadam. 


An  interesting  German  invention  provides  for  instantaneous  soda  water  in 
siphons.  The  device  is  called  "  sodor. "  It  consists  of  a  siphon  provided  with 
a  wicker  covering.  The  top  is  of  peculiar  construction,  and  admits  of  the  in- 
sertion of  a  pear-shaped,  thin  iron  capsule,  filled  with  liquid  carbon  dioxide 
gas.  The  top  of  the  siphon  is  hinged,  and  after  it  is  swung  into  place  a  lever 
is  pushed  down  which  forces  a  piercing  pin  through  the  "sodor"  capsule. 
The  gas  then  forces  its  way  out  through  special  channels  into  the  top  of  the 
siphon  and  impregnates  the  water  in  the  siphon.  The  thick  walls  of  the 
bottle  are  not  readily  broken  by  the  pressure  of  the  gas.  This  device  will 
undoubtedly  prove  of  considerable  interest  to  those  who  li%-e  at  a  distance 
from  bottling  establishments. 


The  question  as  to  the  best  means  of  isolating  a  freezing  mixture  is  one  of 
considerable  practical  importance  in  chemical  and  physical  work.  In  a 
recent  number  of  the  Berichte,  Prof.  \V.  Hempel  describes  a  series  of  com- 
parative experiments  undertaken  by  him  to  settle  which  substance  was  most 
suitable  for  ordinary  work.  Starting  with  a  temperature  of  about  —  75°  to 
—  80°  C,  produced  by  solid  carbon  dioxide  and  ether,  the  rate  of  rise  of  tem- 
perature with  time  was  measured,  and,  as  a  result,  eiderdown  was  found  to  be 
the  best  insulator,  wool  carefully  dried  at  100°  C.  being  nearly  as  good,  and 
having  the  advantage  of  cheapness.  Three  samples  of  vacuum  tubes,  of  the 
pattern  invented  by  Professor  Dewar,  were  also  tried,  and  were  found  to  give 
very  varying  results  amongst  themselves,  and  all  being  much  inferior  in  insu- 
lating power  to  either  eiderdown  or  cotton  wool.  Thus  with  eiderdown  a  rise 
of  12°  C.  occurred  in  eighty-eight  minutes,  with  dry  wool  a  rise  of  20°  to  24° 
C.  in  the  same  time,  whilst  the  three  vacuum-jacketed  tubes  gave  under  the 
same  conditions  rises  of  65°,  69°  and  39°  respectively.  The  results  would  seem 
to  show  that  trustworthy  Dewar  tubes  cannot  be  bought  commercially. 
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A  SURFACE-CONTACT  SYSTEM  FOR  ELECTRIC  vSTREET  RAILWAYS. 

At  the  last  British  Association  meeting,  Prof.  Silvanus  P.  Thompson  and 
Mr.  Miles  Walker  presented  a  joint  paper,  describing  a  system  of  trans- 
mitting an  electric  current  to  a  street  car  motor  by  means  of  metallic  studs 
placed  at  intervals  in  the  roadway,  contact  being  made  between  the  con- 
ductor— which  is  underground — and  the  motor  on  the  car  by  means  of  a  slid- 
ing shoe  or  skate  of  sufficient  length  so  as  to  be  in  contact  with  two  studs  at 
once. 

From  the  account  of  the  system  in  the  English  Mechaiiic,  the  authors 
claimed  that  this  system  would  obviate  the  use  of  the  overhead  wire  used  in 
the  trolley  system,  and  also  the  continuous  slot  in  the  roadway  which  is 
necessary  with  the  underground  conduit  system.  There  could  be  no  danger 
to  pedestrians  from  electric  shock  in  crossing  the  road  and  stepping  on  the 
studs,  for  these  could  only  be  energized  and  the  current  set  up  by  contact 
with  the  skate  under  the  motor  car. 


INDUSTRIAL  COLOR  PRINTING. 

A  machine  has  been  introduced  into  England  for  printing  in  colors  which, 
says  Engineering,  is  in  its  operation  a  departure  from  any  machine  hitherto 
used  for  a  like  purpose.  It  is  the  invention  of  Ivan  Orloff,  chief  engineer 
and  manager  of  the  Russian  Government  Printing  Works,  at  St.  Petersburg, 
and  it  possesses  many  points  of  interest.  In  the  ordinary  flat  color  printing 
machine  the  successive  colors  are  applied  one  at  a  time  as  each  one  becomes 
dry,  but  the  Orloff  machine  puts  down  all  the  colors  on  the  paper  at  once,  so 
that  a  great  saving  of  time  is  eifected. 

The  principle  of  the  machine  is  as  follows:  The  blocks  which  take  the 
different  colors  are  fixed  to  a  cylinder  of  large  diameter,  and  each  block  re- 
ceives the  supply  of  colored  ink  intended  for  it,  and  as  the  cj'linder  revolves 
the  ink  on  each  block  is  transferred  to  a  composition  roller  very  similar  to  an 
ordinary  inking  roller.  After  all  the  colors  have  been  transferred  to  this 
roller,  each  in  its  proper  position,  an  engraved  block  or  form  follows  and  re- 
ceives a  perfect  impression  from  the  composition  roller. 

Thus  impressed,  the  form  passes  on  and  comes  in  contact  with  the  paper 
on  the  impression  cylinder,  where  it  prints  all  the  colors  at  one  operation. 
The  whole  of  these  varied  transfers  are  performed  during  one  revolution  of 
the  cylinder.  While  the  blocks  pass  under  the  inking  rollers  the  latter  are, 
at  the  proper  time,  lowered  by  a  system  of  cams  so  as  to  come  into  contact 
with  the  blocks  which  they  are  intended  to  ink.  The  number  of  colors  that 
can  be  used  is  only  limited  by  the  number  of  blocks  and  the  size  of  the  ma- 
chine. All  the  operations  go  on  continuousl}',  as  the  cylinder  revolves  in  one 
direction  onU-.  The  number  of  finished  impressions  is  stated  to  be  about 
1,000  an  hour.  The  machine  was  originally  designed  for  the  Russian  Govern- 
ment to  print  multi-colored  patterns  for  bank  notes,  and  it  appears  to  be  well 
adapted  for  this  purpose. 
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{Proceedings  0/ the  Slated  Meeting  held  Wednesday y  December  20,  /8gg.) 

Hai.l  of  the  Franklin  Institute, 
Philadelphia,  December  20,  1899. 

Mr.  John  Birkinbine,  President,  in  the  chair. 

Present,  113  members  and  visitors. 

Additions  to  membership  since  last  report,  45. 

The  following  gifts  were  reported  : 

A  portrait  in  oil  of  the  late  Isaac  P.  Morris,  for  many  years  prominently 
identified  with  the  Institute,  presented  by  John  T.  Morris;  an  American  flag 
of  spun  glass,  made  and  exhibited  at  the  glass  works  on  the  esplanade  of  the 
National  Export  Exposition,  from  Messrs.  Gillinder  &  Sons,  Inc.  ;  specimens 
of  rose  quartz,  from  the  Bridgeport  Wood  Filler  Company  ;  specimens  of  alu- 
minum and  Dutch  metal  foil,  from  the  Sayre  Metal  Company  ;  a  number  of 
chilled  cast-iron  balls,  from  the  Cayuta  Wheel  and  Foundry  Company; 
specimens  of  slate  from  the  Slatington-Bangor  Slate  Syndicate  ;  specimens  of 
iron  ore,  dolomite  and  limestone,  from  the  Virginia  Coke,  Coal  and  Iron 
Company  ;  an  ornamental  slab,  cut  with  a  pneumatic  tool,  from  the  Chicago 
Pneumatic  Tool  Company  ;  and  samples  of  steel  for  tools  and  dies,  from 
the  Crescent  Steel  Company. 

The  Secretary  was  directed  to  make  proper  acknowledgment  of  the  gifts, 
with  the  thanks  of  the  Institute. 

Acknowledgment  of  election  as  an  honorary  member  of  the  Institute  from 
Mr.  Chas.  KirchhofF,  of  New  York,  was  read  by  the  Secretarj-. 

The  following  nominations  were  made  : 

For  President  (to  serve  one  year) John  Birkinbine. 

"      Vice-President      {      "        three  years) Theo.  D.  Rand. 

"    Secretary  (      "        one  year) Wm.  H.  Wahl, 

"     Treasurer  (      "  "        ) Samuel  Sartain. 

"     Auditor  (      "        three  years)      ....  Wm.  O.  Griggs. 

For  Managers  (to. serve  three  years). 
Arthur  Beardsley,  H.  W.  Jayne, 

Henry  C.  Brolaskv,  Lawrence  T.  Paul, 

James  Christie,  Horace  Pettit, 

F.  Lynwood  Garrison,  Otto  C.  Wolf. 

For  Members  0/  the  Committee  on  Science  and  the  Arts  (to  serve  three  years). 
Henry  F.  Colvin,  John  M.  Hartm.an,  Louis  E.  Levy, 

Thos.  p.  Conard,  Chas.  C.  Heyl,  Tinius  Olsen, 

Geo.  S.  Cullen,  H.  R,  Heyl,  Lucien  E.  Picolet, 

Chas.  Day,  Geo.  A.  Hoadley,  Geo.  F.  Stradling, 

Arthur  Falkenau,         Harry  F.  Keller,  W.  F.  Willcox. 

The  paper  of  the  evening  was  then  announced. 

"The  Tower  Clock  in  the  City  Hall,  Philadelphia,"  by  Mr.  Warren  S. 
Johnson,  of  Milwaukee,  Wis.,  the  designer  and  constructor.     The  speaker  in- 
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troduced  the  subject  by  a  rtference  to  a  number  of  the  most  notable  clocks 
erected  for  public  service,  and  proceeded  to  the  description  of  the  details  of 
the  Philadelphia  instrument,  illustrating  the  subject  with  the  aid  of  numerous 
lantern  slides.     (Referred  for  publication.) 

The  President  expressed  the  thanks  of  the  meeting  to  the  speaker  for  his 
lucid  description  of  an  apparatus  of  much  local  importance. 

Mr.  Louis  R.  Levy  described  and  exhibited  in  operation  an  improved  form 
of  his  acid-blast  apparatus  for  etching  metal  plates,  first  shown  at  the  stated 
meeting  of  February,  1899.  The  more  important  improvements  relate  to 
provision  for  preventing  the  heating  of  the  acid,  thus  enabling  higher  blast 
pressure  to  be  used,  and  increasing  the  rapidity  of  the  etching  process,  and 
in  employing  aluminum  in  the  construction  of  the  entire  apparatus.  The 
apparatus,  as  now  built,  affords  an  interesting  example  of  the  indifference  of 
-this  metal  to  the  continued  action  of  dilute  nitric  acid. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 


COMMITTEE  on  SCIENCE  and  the  ARTS. 


\_Absiract  of  the  proceedings  of  the  stated  meeting  held  Wednesday,  December 

6,  1899.1 
Prof.  Edgar  Marburg  in  the  chair. 

The  following  reports  were  adopted  : 

Pocket  Recorder  for  Tests  of  Materials.     Gus.  C.  Henning,  New  York. 

This  report,  of  which  an  abstract  appears  in  W\^foiinial  for  December, 
was  amended  in  certain  particulars,  and  the  applicant  was  awarded  the  Ed- 
ward Longstreth  Medal  of  Merit. 

Drawing  Tables.     Samuel  J.  Laughlin  and  James  Hough,  New  York. 

Abstract. — The  invention  is  secured  by  letters-patent  of  the  LTnited  States 
to  the  applicants,  No.  550,413.  The  apparatus  consists  essentially  of  a 
drawing-board  across  whose  surface  a  straight-edge  or  ruler  is  arranged  to 
move  into  positions  always  parallel  to  itself.  With  these  essentials  are  com- 
bined devices  for  adjusting  the  drawiiig-board  or  the  paper,  to  facilitate  the 
plotting  of  angles  or  the  measurement  of  lines  in  all  kinds  of  instrumental 
drawing. 

The  special  features  of  these  instrimients  cannot  be  explained  without  the 
aid  of  diagrams. 

The  finding  of  the  investigating  committee  is  stated  in  the  following 
terms  :  "In  view  of  the  originality  displayed  in  devising  a  parallel-moving 
straight-edge  and  rotatable  drawing-board,  and  the  excellence  of  their  opera- 
tion, in  combination  with  other  time-saving  devices  as  applied  in  the  Laugh- 
lin-Hough  drawing  tables,"  the  award  of  the  John  Scott  Legacy  Premium 
and  Medal  to  the  inventors.  {^Sub-Committee.— h.  F.  Roudinella,  Chairman  ; 
J.  Logan  Fitts.] 

Street  Raihuay  System.     Andrew  McGill,  Dunedin,  New  Zealand. 

The  inventor's  proposition  is  to  construct  a  conduit  of  sufficient  capacity 
to  receive  the  truck   and  running-gear  of  an  electric  or  cable  car,  having  a 
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slot  at  the  street  surface  to  coimnunicate  with  the  same.  Attached  to  this 
truck,  and  passing  through  the  slot,  are  thin,  wide  bars,  of  sufTicient  cross- 
section  to  support  the  body  of  the  car  above.  Spec'al  provision  is  made  to 
facilitate  passage  around  curves. 

The  investigating  body  believes  that  the  disadvantages  of  inaccessibility 
to  the  truck  mechanism,  especially  in  the  case  of  electric  railways,  where 
prompt  access  to  the  motors  and  their  connections  is  of  the  highest  impor- 
tance, would  more  than  offset  the  advantages  claimed  for  the  invention. 
[Suh^Com)nittee. — James  Christie,  Chairman  ;  Francis  Head.] 

Apparatus  for  Generating  Acetylene  Gas.  Eugene  Bournonville  and 
Joseph  N.  Goldbacher,  New  York  City. 

Abstract. — This  apparatus  belongs  to  the  class  of  drop  machines,  /.  <■. ,  in 
which  the  calcium  carbide  is  automatically  fed  in  small  quantities  into  rela- 
tively large  quantities  of  water,  the  dropping  device  being  actuated  by 
the  downward  motion  of  the  bell  of  the  gasometer  connected  with  the 
apparatus. 

The  apparatus  is  covered  by  letters-patent  of  the  United  States  granted  to 
applicants. 

Reference  is  made  to  these  for  details  of  construction,  which  could  not 
be  made  intelligible  without  illustrations. 

The  report  speaks  approvingly  of  the  merits  of  design  and  mechanical 
arrangement  embodied  in  the  machine.  \_Sub-Couimittee. — Charles  A.  Hexa- 
mer,  Chairman  ;  Harry  F.  Keller.] 

The  following  reports  passed  first  reading  : 

Nut-locking  Washer.  James  Walsh,  Jr.,  Philadelphia.  [An  advisorv 
report.] 

Systetn  0/  Ventilation.  Geo.  W.  Vearicks,  Philadelphia.  [.\n  advisory 
report.] 

System  0/ Oil-heating  and  Incandescent  Lighting.  Arthur  Kitson,  Phila- 
delphia. 

Method  0/ Recording  and  Reproducing  Sound.  Thomas  H.  MacDonald, 
Bridgeport,  Conn. 

The  last  two  reports  were  held  over  for  final  action  until  the  next  stated 
meeting.  W. 


SECTIONS. 


Chkmic.\i.  Skctiox. — stated  Meeting,  held  Tuesday,  December  19,  1899. 
Vice-I'resident  Dr.  W.  J.  Williams  in  the  chair.  Present,  thirty-nine  mem- 
bers and  visitors. 

The  nomination  of  officers  for  the  ensuing  year  was  referred  to  a  special 
committee  to  report  at  the  next  stated  meeting. 

Dr.  Henr}'  Leffmaun  read  the  paper  of  the  evening,  on  "Artesian 
Waters."  The  author  gave  a  brief  historical  sketch  of  the  subject,  which 
was  followed  by  reference  to  the  chemical  character  of  numerous  artesian 
waters  from  wells  in  tlie  region  about  Philadelphia. 
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Mr.  Louis  Woolman  supplemented  the  previous  speaker's  remarks  with  an 
elaborate  account  of  the  various  water  horizons  of  the  coastal  plain  of  the 
Eastern  Uuited  States.  Mr.  Woolman  illustrated  his  remarks  with  the  aid  of 
charts,  lantern  slides,  and  microscopic  slides  exhibiting  various  forms  of 
diatoms  and  foraminifers  found  in  the  strata  penetrated  in  sinking  such 
wells  in  the  region  above  named. 

Mining  and  Metallurgical  Snction.-- Stated  Meeting,  he'.d  Wednes- 
day, December  9,  1899.  President  James  Christie  in  the  chair.  Present, 
twenty-six  members  and  visitors. 

The  papers  of  the  evening  were  read  by  Mr.  Edward  K.  Landis,  on  "  The 
Tilly  Foster  Mine,"  and  by  Dr.  H.  M.  Chance,  on  "  Some  Problems  in  Deep 
Coal  Mining,  with  a  Description  of  some  New  Methods."  After  some  dis- 
cussion, both  papers  were  referred  to  the  Committee  on  Publications. 

Electrical  Section. — Stated  Meeting,  held  Friday,  December  22d. 
Prof.  Geo.  A.  Hoadley,  President,  in  the  chair.  Present,  forty-four  members 
and  visitors. 

The  subject  for  discussion  was  "Automobiles,"  and  was  opened  by  Mr. 
Pedro  G.  Salom. 

Mechanical  and  Engineering  Section. — Stated  Meeting,  held  Thurs- 
day, December  14,  1899.  President  Wilfred  Lewis  in  the  chair.  Present, 
forty-two  members  and  visitors. 

The  subject  for  discussion  was  "Internal  Combustion  Engines."  The 
President  opened  the  discussion  with  a  description  of  the  Diesel  Motor 
Among  the  points  that  received  attention  in  the  discussion  which  followed 
were  that  of  ignition  before  complete  compression  ;  the  weight  and  volume 
of  this  class  of  engines  as  compared  with  steam  engines  of  equal  power  ;  the 
time  duration  of  firing  a  charge  ;  and  the  rate  of  increase  in  pressure  at  the 
moment  of  explosion. 

Physical  and  Astronomical  Section. — Stated  Meeting,  held  Friday, 
December  8th.     Prof.  Geo.  F.  Stradling  in  the  chair. 

Professor  Stradling  read  a  communication  "  On  the  Loudness  of  Sound," 
which  was  freely  discussed. 

Photographic  and  Microscopic  Branch. — Stated  Meeting,  held  Tues- 
day, December  5th.  Dr.  Henry  Leffmann  in  the  chair.  Present,  twenty-two 
members  and  visitors.  A  number  of  dry  plates  which  had  been  in  possession 
of  Dr.  Himes  since  the  year  1884  were  presented  by  him,  with  the  sugges- 
tion that  they  be  tested  by  the  members. 

Mr.  John  G.  Baker,  member  of  the  Branch,  exhibited  and  described  an 
improved  device  for  holding  squegee  and  other  dry  plates  in  mounting. 

The  discussion  of  the  evening,  on  "  Apparatus  and  Appliances  for  Micro- 
scopy and  Photography,"  was  opened  by  Mr.  Fred.  E.  Ives,  who  described  a 
number  of  microscopic  accessories  which  were  on  exhibition. 

A  motion  was  passed'  directing  the  Executive  Committee  to  formulate  a 
plan  to  be  presented  to  the  Chemical  Section  which  would  secure  to  the 
Branch  fuller  and  more  independent  action.  Consideration  of  the  subject  was 
deferred  until  the  Committee  should  have  made  its  report. 
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[Commemorative  Meeting  held  in  Convention  Hall,  National  Export  Exposi- 
tion, Saturday,  October  7th,  on  the  Occasion  of  the  Celebration  of  the  Sev- 
enty-fifth Anniversary  of  the  Franklin  Institute.] 

The  ideal  education  of  the  old  Greek  who  would  teach 
the  youth  of  his  country  "  to  speak  the  truth  and  to  ride  a 
horse,"  although  by  no  means  as  comprehensive  as  the 
"  complete  and  perfect  education  "  of  John  Milton,  is  at 
least  typical  of  the  best  thought  of  the  educator  of  our  own 
time  ;  and  especially  is  it  representative,  in  a  way,  of  the 
ideals  of  the  advocate  of  the  evolution  of  the  technical 
Vol  CXLIX.    No.  890.  6 
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education  of  people  with  a  view  to  the  preparation  of  the 
great  body  of  "  plain  people "  for  "  the  sequel  of  their 
lives."  The  seeking  of  truths,  of  facts  and  data,  and  of 
methods  of  utilization  of  such  truths  in  the  interest  of  the 
people,  in  the  promotion  of  their  moral,  social  and  intellec- 
tual advancement — of  that  material  progress  which  under- 
lies all — constitutes  real  education. 

This  constitutes,  a  problem  for  the  economist,  for  the 
wise  political  leader  and  for  the  statesman  of  every  grade. 
For  the  ancient  aristocrat  and  gentleman,  honesty  and  abil- 
ity to  bear  oneself  as  became  a  gentleman,  in  all  out-of- 
door  exercise  as  well  as  in  social  intercourse  with  other 
gentlefolk,  were  recognized  as  the  fundamental  elements 
of  a  proper  training.  Little  more  was  then  needed  and  little 
more  was  prescribed.  As  time  went  on,  not  simply  the 
speaking  of  truth  but  the  learning  of  truths,  not  simply  the 
riding  of  a  horse  but  all  manly  exercises  and  warlike  ac- 
complishments, were  demanded  as  essential  elements  of 
the  curriculum  of  the  gentlemen.  Later,  as  the  arts  of  war 
became  less  exercised  and  as  those  of  peace  became  more  and 
more  vitally  important  with  all  classes,  the  clergy  of  Europe 
came  to  dictate  the  form  and  extent  of  the  education  of  the 
gentlemen  and  of  the  well-to-do  classes  of  the  time.  Even 
gymnastic  exercises  as  a  part  of  the  regular  education  fell 
into  the  background  with  the  drifting  out  of  sight  of  the 
arts  of  war,  and  the  modern,  monastic,  gymnastic  methods 
of  education  took  shape  and  controlled  all  schools.  Still 
later,  after  political  power  had  fallen  out  of  the  hands  of 
monarchs  and  nobles  into  the  hands  of  the  people,  and  it 
had  come  to  be  seen  that  the  contemporary  education  was 
suited  only  to  the  wealthy  and  aristocratic  classes,  a  new 
education  came  into  existence,  and  Bacon  and  Descartes, 
Milton  and  the  Marquis  of  Worcester  and  Vaucanson 
sought  the  development  of  this  field  by  the  introduction  of 
systems  of  training  of  the  people  in  such  manner  as  would 
give  them  not  only  a  knowledge  of  language  and  of  litera- 
ture, of  history  and  of  philosophy,  but  also  an  acquaintance 
with  the  sciences,  pure  and  applied,  and  with  the  scientific 
bases,  and  even  the  actual  processes,  of  those  arts  the  prac- 
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tice  of  which  must,  with  the  great  masses,  occupy  the  entire 
adult  and  active  existence. 

In  early  historic  and  in  prehistoric  times,  government, 
so  far  as  developed,  was  simply  a  system  of  forcible  control 
of  the  masses  of  the  people  with  a  view  to  the  advantage 
of  the  ruler  and  for  the  purpose  of  securing  for  him  means 
of  offence  and  defence  in  his  constant  warfare  with  his 
neighbors.  As  time  passed  and  regal  power  was  taken 
from  the  hands  of  the  monarch  and  fell  into  those  of  the 
aristocratic  classes,  the  art  of  war  was  cherished  largely 
for  the  same  reasons  as  those  controlling  the  emperors  and 
the  kings  of  earlier  days ;  although  the  arts  of  peace  as- 
sumed larger  importance  as  wealth  and  fashion,  and  the 
always  resultant  luxury  and  effeminacy  of  the  wealthy 
classes,  brought  into  being  a  demand  for  greater  intricacy 
of  life  and  increasing  diversification  of  industries  ;  while 
the  training  of  skilled  workmen  has  constantly  assumed 
greater  and  greater  importance  to  the  state.  The  science 
of  economics,  the  true  science  of  politics  and  the  real  and 
highest  duty  of  statecraft,  thus  gradually  came  to  be  clearly 
recognized  by  a  few  great  minds.  Comenius  and  Froebel,. 
Milton  and  Worcester,  Descartes  and  Vaucanson  all  saw 
clearly  the  real  meaning  of  the  Greek  ideal  for  later  times, 
and  all  did  what  they  could  to  introduce  a  broader  and  a 
better  curriculum  and  to  adapt  the  scheme  of  general  edu 
cation  more  perfectly  to  the  needs  of  the  people.  To-day, 
every  thoughtful  and  well-read  and  experienced  educator 
sees  that  a  true  rendering  of  the  Greek  ideal  into  contem- 
porary form  would  dictate  the  education  of  the  people  for 
the  life  and  work  of  the  people,  the  universal  adoption  of 
manual  training  in  public  schools,  the  evolution  of  a  tech- 
nical side  to  education,  which,  coupled  with  the  older  gym- 
nastic forms,  should  give  to  every  ambitious  youth  oppor- 
tunity to  learn  the  scientific,  the  logical  and  formal,  basis 
of  the  art  into  which  he  feels  himself  impelled  by  natural 
predilection,  and  sees  it  should  include  in  its  range,  not 
only  all  the  literatures  and  their  languages,  all  the  sciences 
and  their  applications,  and  all  the  arts  of  simple  accom- 
plishment, but,  even   more  completely  and  thoroughly,  the 
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arts  and  vocations  of  common  life,  to  the  extent  to  which 
they  lend  themselves  to  scientific  and  logical  methods  of 
instruction.  Only  thus  can  a  truly  wise  system  of  educa- 
tion of  the  people  for  the  life  and  work  of  the  people  be 
founded. 

To-day,  the  arts  of  war  engage  the  attention  of  compar- 
atively few  ;  the  arts  of  peace  occupy  practically  the  whole 
mass  of  the  people.  The  chief  duty  of  the  statesman,  of 
the  wise  leader  in  politics,  as  well  as  of  the  economist,  is 
no  longer  primarily,  almost  solely,  the  study  of  war  and  of 
strategy,  of  diplomacy  and  of  the  raising  of  armies  ;  it  is 
now,  rather,  primaril}'  and  principally  the  promotion  of  the 
business  interests  of  his  country,  the  advancement  of  the 
arts  of  peace,  the  maintenance  of  those  industries  provid- 
ing the  essentials  of  modern  civilizations,  the  diversification 
of  industries  for  the  purpose  of  giving  larger  opportunities 
and  greater  industrial  and  political  independence  to  his 
own  people,  and  the  provision  of  that  education,  necessarily 
largely  technical,  which  best  meets  the  needs  of  the  people 
as  individuals  and  as  a  nation. 

To-day,  the  acuteness  of  the  political  leader  and  the 
wisdom  of  the  statesman  may  be  very  accurately  gauged 
by  the  attention  which  he  gives  to  the  education  of  the 
people  and  especially  to  a  systematic  development  of  that 
technical  education  which  has  so  long,  but  so  slowly,  been 
in  process  of  evolution  as  a  complement  of  the  gymnastic, 
purely  literary  curriculum  of  older  times.  The  moral  and 
intellectual  magnitude  of  the  educator  may  be  measured 
by  the  extent  to  which  he'  has  come  to  appreciate  and  to 
promote  these  evolutionary  movements.  The  statesmen  of 
Germany,  of  France,  the  educators  of  our  own  country, 
particularly,  illustrate  this  fact.  Glancing  over  the  com- 
pilation of  testimony  favorable  to  the  inauguration,  in  the 
earliest  days  of  our  republic,  of  a  national  university,  as 
representative  of  a  national  and  public  scheme  of  education 
of  the  people,  as  printed  by  the  national  committee,  one 
sees  at  a  glance  that  the  signatures  are  those  of  the  greatest 
statesmen  of  their  time  ;  the  grander  his  statecraft,  the 
nobler  his  plans  for  educational  development  and  the  larger 
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the  measure  of  the  man  in  all  ways.  This  has  been  true 
from  the  days  of  Zenophon  and  of  Herodotus  to  those  of 
Washington  and  of  Jefferson,  and  of  the  founders  of  (ler- 
man  technical  education,  of  our  "Land  Grant  Colleges" 
ilnd  of  that  Cornellian  system  which  would  unite  in  one 
great  institution  systems  of  education  of  all  men  in  all 
studies  ;  such  as  would  prepare  the  scholar,  equally  well 
and  with  absolutely  equal  honor,  for  the  rostrum,  for  the 
pulpit  and  for  the  professor's  chair,  the  lawyer  for  his 
courts,  the  physician  for  his  hospital  and  for  ministration 
at  the  sick-bed,  the  engineer  for  construction  of  railroads, 
canals,  bridges  and  steam-engines  and  steam-boats,  the 
farmer  for  all  forms  of  agriculture  and  the  artisan  for  the 
workshop,  factory  and  mill.  Of  these  classes,  a  thousand 
require  scientific  instruction  where  one  depends  upon  litera- 
ture for  his  support ;  hundreds  demand  a  knowledge  of  the 
scientific  basis  of  the  arts  where  one  needs  tuition  in  lan- 
guage ;  scores  seek  professions  having  a  scientific  founda- 
tion where  one  can  utilize,  in  later  life  and  for  his  own 
personal  advantage,  the  "  liberal  "  education  of  the  so  called 
"  learned  professions." 

Biblical  history  tells  us  that,  in  the  eighth  generation  of 
the  race  of  Adam,  Tubal-Cain  was  "the  forger  of  every  cut- 
ting instrument  of  brass  and  of  iron."-  The  metal-work- 
ing trades  were  thus  established,  necessarily,  at  the  very 
beginning  of  civilization,  and  apprenticeship,  which  is 
technical  education,  must  have  become  an  established  sys- 
tem before  a  vocation  could  become  a  trade,  before  the  art 
of  the  individual  could  become  the  art  of  a  guild.  Life  in 
cities  could  not  take  form  until  the  trades  of  the  manufactur- 
ing industries  were  fully  organized  and  the  age  of  the  cities 
of  antiquity,  of  ancient  India,  of  Assyria,  of  Babylonia,  of 
Asia  Minor,  of  Egypt,  Greece  and  Italy,  measures  approxi- 
mately the  space  of  time  separating  us  from  the  beginnings 
of  manual  training  and  of  trade-instruction  which  are,  in 
turn,  the  foundations  of  modern  technical  and  professional 
training.     When   the  great  deluge   washed  away  the  pro- 

*Geu.  IV,  22. 
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duct  of  the  antediluvian  industries,  the  erection  of  the 
tower  of  Babel  was  the  construction,  also,  of  a  memorial  to 
the  brickmakers  of  the  reviving  world.  Every  modern 
fundamental  professioij,  trade  and  vocation  probably  has  a 
history  approximating  in  its  length  that  of  the  race  itself. 
Technical  education  is  prehistoric  in  source,  and  its  history 
has  simply  been  that  of  an  originally  simple  and  non-scien- 
tific, an  empirical,  system,  developing  by  an  evolution,  under 
conditions  sometimes  favorable,  sometimes  restrictive,  in 
such  manner  as  to  make  its  progress  extremely  variable  in 
rate  and  method  from  its  earliest  to  its  latest  phases. 

George  Ebers,  the  famous  Egyptologist,  and  hardly  less 
distinguished  and  certainly  more  widely  known  historical 
novelist,"  finds  records  amid  the  tombs  and  pyramids  of  the 
valley  of  the  Nile  indicating  the  existence  of  a  great  school 
and  college  system  supported  by  the  Pharaohs,  fifteen  hun- 
dred years  and  more  earlier  than  the  Christian  era.  For 
the  time,  indeed,  it  was  more  nearly  a  true  university  sys- 
tem than  has  been  seen  in  Europe  since  that  era,  and  hardly 
less  universal  in  its  breadth  than  that  inaugurated  by  Ezra 
Cornell  in  the  United  States  of  North  America  in  our 
own  generation.  Organized  in  the  "  House  of  Seti,"  in 
Upper  Thebes,  it  excelled  the  still  older  foundations  at  He- 
liopolis  and  at  Memphis  in  its  universality,  and  especially  in 
its  extension  of  its  curricula  into  the  fields  of  technical 
learning.  In  its  preparatory  school,  even,  were  departments 
of  theological,  mathematical,  legal,  astronomical  and  peda- 
gogical technology.  Its  great  library  contained  many  thou- 
sand rolls  of  papyrus.  Schools  of  art,  architecture,  sculp- 
ture, painting  and  of  engineering,  so  far  as  developed  at  the 
time,  insured  the  cultivation  of  the  aesthetic  with  the  use 
ful  and  their  union  in  construction.  In  magnitude,  only 
Thotmes'  great  temple  exceeded  that  vast  pile.  More  than 
this,  it  was  a  system  of  free  schools  and  colleges  to  which 
every  citizen  had  a  right  to  send  his  sons.  Dormitories  for 
the  young  men  of  the  wealthier  and  noble  classes  were  ad- 
jacent, and  famous  priests  guarded  and  guided  the  pupils. 


*  Professor  of  Egyptology  at  the  University  of  Leipsfc. 
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"  Scribes" — university  professors,  free  from  other  labors  — 
were  given  opportunity  for  study  and  research  in  the  highest 
realms  of  science,  of  literature  and  of  art,  pure  and  applied. 
Its  facultv  numbered  above  800,  and  there  were  three 
"  prophets  '  appointed  as  directors  of  its  colleges,  of  whom 
the  high-priest  was  the  senior.  vSplendid  residences  were 
assigned  the  faculty,  and  of  these  that  of  the  high-priest  was 
of  unequalled  magnificence. 

Its  successor,  the  "  House  of  Rameses,"  was  similarly  but 
even  more  liberally  planned,  1300  B.C.  The  University  of 
Rameses  was  in  existence  1,000  years  before  the  foundation 
of  the  later  and  possibly  even  greater  University  of  Alex- 
andria. 

Technical  education  finds  its  earliest,  at  all  complete,  rec- 
ords, in  the  accounts  by  the  Greek  historians  of  the  work 
performed  by  the  technical  staff  of  the  great  University  of 
Alexandria,  during  the  centuries  elapsing  between  the  foun- 
dation of  that  first  most  complete  of  universities  and  its  de- 
struction by  the  Saracens.*  When  Hero  taught  mechanical 
engineering  and  Archimedes  the  art  of  war, when  Hipparchus 
lectured  on  astronomy  and  measured  the  periods  of  planets 
and  eclipse-cycles,  and  when  disciples  of  Aristotle  gave  form 
to  a  logical  method,  technical  education  took  on  a  distinct 
form  and  became  recognized  as  an  essential  department  of 
instruction.  The  Alexandrian  university  was  not  only  the 
first  such  great  educational  organization,  but  it  was,  in  a 
true  sense,  the  first  university  and,  for  the  first  time — in  fact, 
for  the  only  time  in  the  early  histor}'  of  education — an  insti- 
tution properly  so  designated,  since  then  and  there,  only,  in 
all  the  course  of  history,  up  to  our  own  time,  was  the  en- 
deavor made  to  oft'er  instruction  in  all  the  literatures,  in  all 
sciences  and  in  all  the  arts  of  the  time.  Ptolemy,  in  its 
foundation,  sought  to  provide  what  Ezra  Cornell  aspired  to 
organize — "an  institution  in  which  any  person  might  find 
instruction  in  any  study."  Aristotle  and  his  disciples  de- 
spised no  fact  and  respected  all  forms  of  knowledge. 


*"  Intellectual  Development  of -Europe,"   by  John   W.   Draper.      New 
York  :  D.  Appleton  &  Co. 
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The  "  Museum "  of  Alexandria  was  the  birthplace,  as 
Draper  has  truly  said,  of  all  modern  science.  Other  nations 
had  earlier  studied  natural  science  ;  other  civilizations  had 
still  earlier  produced  great  schools  and  great  men  curious 
in  the  observation  and  study  of  natural  law  and  of  nature's 
marvellous  operations ;  but  it  was  in  Alexandria  and  in  the 
time  of  the  Ptolemies  that  we  find  the  earliest  adoption  of 
a  correct  method  of  scientific  investigation  and  evidences 
of  researches  to  discover  fact  and  natural  law — real  scien- 
tific research,  "  the  interrogation  of  nature  through  syste- 
matically planned  and  prosecuted  experiment." 

This  first  and  most  universal  of  universities — the  times 
being  considered — was  founded  to  promote  the  acquisition 
of  knowledge  in  all  fields  of  history,  philosophy,  literature 
and  natural  science,  to  illustrate  the  methods  of  Aristotle, 
the  first  philosopher  recognizing  what  we  are,  in  our  con- 
ceit, prone  to  designate  the  "modern"  scientific  method  — 
first  seeking  facts,  next  deducing  laws,  then  constructing  a 
science  by  the  codification  of  the  natural  laws  thus  revealed. 
The  older  Greek  "  philosophy "  of  the  imagination  was 
rejected,  and  the  true  philosophy  of  fact  and  sound  logic 
and  scientific  deduction  was  brought  into  practice.  The 
speculative  philosopher  was  retired  and  the  experimental 
philosopher,  the  scientific  investigator,  took  place  in  the 
van.  Archimedes  investigated  the  laws  of  hydraulics; 
Ptolemy  those  of  optics;  Hipparchus  gave  his  contempo- 
raries and  his  successors,  even  to  our  own  time,  valuable 
results  of  research  in  astronomy ;  using  instruments  of  pre- 
cision and  making  exact  measurements  as  bases  for  his 
computations.  Euclid  created  geometry  and  the  world  still 
finds  his  work  perfect.  Archimedes'  mathematical  studies 
gave  him  pre-eminence  as  a  leader  in  his  department,  and 
no  rival  appeared  for  many  centuries,  and  even  up  to  the 
time  of  Newton.  In  applied  sciences,  in  his  discoveries 
relating  to  specific  gravity,  in  his  inventions  of  the  lever, 
the  screw,  the  burning  mirror,  apparatus  of  war  and  of 
peace,  he  proved  himself  the  first  really  great  producer  of 
the  mechanisms  and  machinery  of  the  engineer  and  the 
physicist.     Eratosthenes  was   the  great  geographer  whose 
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work  was  the  beginning  of  all  that  we  to-day  know,  both 
as  to  fact  and  as  to  system ;  he  founded  physical  geog- 
raphy. These  mightv  men  of  mind  recognized  the  facts 
of  the  rotation  of  the  earth,  the  nature  of  heat  as  a  form 
of  energy,  the  general  distribution  of  light  and  heat,  and 
the  variations  of  climate  throughout  a  spherical  earth. 
So  accurate  were  their  astronomical  measurements  that 
Ptolemy  was  able  to  discover  the  moon's  evection,  and 
Hipparchus  the  precession  of  the  equinoxes,  measuring  its 
period.  The  motions  of  the  planets  were  observed  and  dis- 
cussed, and  Timocharis  noted  the  phases  and  movements 
of  Venus.  Ctesibus  invented  fire-engines  and  water  clocks : 
Hero  described  the  first  steam-engine,  that  form  which  is 
to-day  coming  in  again,  two  thousand  years  after  Hero,  in 
the  form  of  the  steam-turbine,  as  a  rival  of  the  complicated 
and  costly  and  imposing  machine  which  is  the  product  of 
an  evolution  having  a  history,  as  a  train  of  mechanism,  of 
just  one  century.  Sosigenes  of  Alexandria,  in  the  time  of 
Julius  Caesar,  went  to  Rome  to  rectify  the  then  confused 
calendar,  and  thus  this  first  great  university,  the  prototype 
of  the  modern  university  of  our  own  State,  a  university 
without  intermediate  representative  in  all  these  centuries, 
and  which  we  now  recognize  as  in  fact  a  real  and  a  great 
technical  college,  carried  its  wonderful  work  through  the 
centuries  immediately  preceding  and  succeeding  the  Chris- 
tian era. 

The  vSaracen  conquest  of  Egypt  resulted  in  the  destruc- 
tion, in  large  degree,  of  this  majestic  edifice  of  learning; 
but  the  Saracens  themselves,  once  the  conquest  was  com- 
plete and  they  were  permitted  to  settle  down  to  the  pursuit 
of  the  arts  of  peace,  became  inspired  with  the  genius  of 
investigation  ;  the  conquerors  took  up  the  work  of  the  con- 
quered and  we  now  credit  the  Arabian  philosophers  and 
men  of  learning  with  preserving  and  advancing  human 
knowledge  in  hardly  less  degree  than  did,  in  the  earlier 
centuries,  the  Greek  Ptolemies  and  their  allies. 

The  energy  of  a  race  is  like  that  of  a  river,  small  or  great, 
quiet  or  torrential,  flowing  from  earlier  to  later  times,  com- 
pelled  by  natural  forces  constantly  to  follow  a  general  di- 
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rection  determined  by  the  topography  of  surrounding  con- 
ditions, to  be  sure,  but  always  forced  to  move  on  until  its 
stock  of  energy  is  exhausted.  If  war  demands  the  expen- 
diture of  this  energy,  it  becomes  destructive  as  a  mountain 
torrent  in  time  of  freshet  or  cloud-burst;  if  peace  super- 
venes, still  this  energy  must  find  application,  and  in  Egypt, 
after  the  close  of  the  Alexandrian  campaign,  it  fructified 
that  intellectual  domain  as  the  Nile  fertilized  the  valley 
which  it  traversed.  Similarly,  after  the  Greek  and  Roman 
civilization  had  been  overwhelmed  by  the  Goths  and  Van- 
dals from  the  north  and  by  the  Saracens  in  the  valley  of  the 
Nile,  the  Arabians  diverted  their  talents  into  new  and  use- 
ful channels,  and  the  flow  of  the  stream  of  Saracen  energies 
became  subdued  to  the  fructification  of  the  whole  of  north- 
ern Africa  and  of  Spain,  and  the  development  of  pure  and 
applied  sciences  among  the  Ptolemaic  peoples  was  paralleled 
by  that  later  observed  among  their  conquerors.  Destructive 
energy  was  replaced  by  constructive  in  all  departments  of 
human  activity.  Bagdad  became  a  great  cosmopolis  in 
which,  far  more  than  in  the  metropolis  of  to-day,  learning 
and  scholarship  and  Aristotelian  research  were  encouraged 
and  honored.  Haroun-al-Raschid  instituted  a  school  in 
ever)'-  mosque  in  the  whole  Saracen  empire,  and  his  succes- 
sor, Al-Mamum  (A.D.  813-832),  like  the  first  Ptolemy,  built 
up  a  great  center  of  learning  at  Bagdad,  collecting  great 
libraries,  calling  to  his  court  and  to  his  colleges  the  men 
of  the  age,  from  all  countries.  His  was  the  Augustan 
age  of  the  Saracen  empire.* 

The  Saracens  boasted  that  they  had  produced  more 
poets  than  all  other  nations  combined ;  that  they  developed 
further  than  ever  had  been  done  before  the  scientific 
method  now  universal  ;  that  they  substituted  a  study  of 
nature,  of  phenomena  and  fact  for  speculation ;  that  they 
promoted  mathematics  and  the  exact  sciences  in  a  pre- 
viously unexampled  manner;  that,  in  their  time,  alchemists 
founded  the  science  and  the  art  of  chemistry;  that  their 
learned  men  produced  works  on  mechanics,  solid  and  fluid, 

*  Draper. 
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optics  and  astronomy,  geometry  and  trigonometry,  in- 
vented algebra  and  adopted  the  Indian  numeration  and 
figures.  They  invented  all  sorts  of  distilling,  filtering, 
heating  and  fusing  apparatus,  instruments  of  precision  for 
the  astronomer,  the  chemist's  balance  and  the  simpler 
mechanical  combinations.  They  even  constructed  tables  of 
astronomical  quantities,  of  specific  gravities  and  other  scien- 
tific reference  compilations.  The  library  at  Cairo  grew  to 
enormous  dimensions  and  is  said  to  have  included  not  less 
than  6,500  works  on  astronomy  alone.  This  was  a  circulat 
ing  library  as  well  as  of  reference.  The  Spanish  library  of 
the  khalifs  is  said  to  have  numbered  600,000  volumes,  its 
catalogue  filling  forty-four  volumes.  It  is  said  that  a  phy- 
sician was  compelled  to  refuse  the  invitation  of  a  sultan,  to 
Bokhara,  because  the  transportation  of  his  library  would 
have  required  400  camels.  Another  physician,  Honian,  at 
Bagdad,  maintained  a  regular  business  of  translations  from 
other  languages  and  issued  versions  of  Plato,  of  Aristotle 
and  of  other  ancient  learned  authors.  All  then  known  fields 
of  knowledge  and  of  research  were  cultivated,  an  immense 
literature  was  developed  and  all  this  without  let  or  hind- 
rance, without  the  slightest  censorship  on  the  part  of  the 
monarch.  All  sorts  of  books  of  reference  were  produced, 
including  an  "  Encyclopedic  Dictionary  of  the  Sciences  "  by 
Mohammed  Abu  Abdallah,  and  colleges  dotted  the  whole 
extent  of  the  empire.  Colleges  were  then,  as  now,  founded 
by  wealthy  men  and  provided  with  a  permanent  income  by 
endowment.*  One  such  college,  at  Bagdad,  with  an  income 
of  1 5.000  dinars,  taught  6,000  students  of  every  class,  rich 
and  poor,  noble  and  plebeian  alike.  Free  scholarships  were 
provided  for  the  needy  and  ample  salaries  for  the  faculty. 
Qf  these  learned  teachers  and  investigators  Al-Mamum 
asserted  :  "  They  are  the  elect  of  God,  his  best  and  most 
useful  servants,  whose  lives  are  devoted  to  the  improve- 
ment of  their  rational  faculties ;  the  teachers  of  wisdom 
who  are  the  true  luminaries  and  legislators  of  this  world, 
which,  without  their  aid,  would  again  sink  into  ignorance 
and  barbarism." 

*  Gibbon. 
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Professional  schools  were  organized  ;  that  at  Cairo  set- 
ting the  example  of  stringent  entrance-requirements  for  all 
who  would  study  medicine,  long  before  the  foundation  of 
the  European  school  at  vSalerno  in  Italy.  In  all  directions, 
in  the  philosophies,  in  the  sciences,  in  the  arts,  in  all  indus- 
tries, this  fund  of  stored  energy  of  the  Saracen  race  found 
useful  expenditure.  The  resulting  civilization  was  far 
more  lofty  and  admirable  than  was  that  of  Europe  during 
those  and  for  many  succeeding  centuries.  In  fact,  it  was 
only  in  the  fifteenth  century  that  sufficient  liberty  was 
enjoyed  by  European  men  of  science  to  permit  them  to 
enter  freely  upon  that  now  familiar  field  of  intellectual 
occupation,  and  it  was  only  at  the  beginning  of  the  seven- 
teenth century,  in  Europe,  that  any  really  notable  progress 
began.  Since  then  the  acceleration  of  the  movement  has 
been  like  that  of  a  falling  stone. 

Technical  learning  and  the  technical  and  professional 
schools  of  the  Saracens  came  into  Europe  mainly  by  way  of 
vSpain,  and  the  Moslem  conquerors  of  that  country  made 
famous  their  centuries  of  rule  by  promoting  the  arts  and 
sciences  in  all  practical  ways.  By  the  tenth  century,  that 
country  had  become  a  center  of  learning  from  which 
streamed,  throughout  the  continent,  the  rays  of  scientific 
research  and  the  accumulated  learning  of  all  the  then  exist- 
ing departments  of  science.  The  practical  outcome  was 
seen  in  well-built,  paved  and  lighted  cities,  in  heating, 
ventilating  and  elaborate  furnishing,  on  a  scale  and  in  a 
manner  that  even  our  own  time  may  admire  and  in  some 
respects  imitate.  Especially. admirable  were  their  systems 
of  social  life,  with  freedom  from  the  elsewhere  universal 
dissipation  of  the  time,  with  "  feasts  of  reason  and  flow  of 
soul  "  in  place  of  banquets  of  savage  character  and  flow  of 
bowl.  Learned  men  of  all  countries  were  ever-welcome 
guests  and  Andalusia  became  the  resort  of  scholars  and 
philosophers,  and  of  men  noted  for  their  progress  in  scien- 
tific research,  from  all  countries  and  all  nations  and  of 
every  race.  All  were  equally  welcome  and  all  alike  honored. 
When,  in  the  fifteenth  century,  the  Moors  were  driven  out 
of  the  peninsula,  the  Castilians  found  a  great  civilization 
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well  established  and  the  foundations  of  true  learning  well 
laid.  The  efforts  of  the  anti-scientific  parties  of  the  time 
were  never  again  able  to  entirely  quench  this  great  light; 
it  grew  steadily  and  pervaded  not  only  all  of  Europe,  but  all 
the  known  world  through  its  stimulation  of  research,  its 
promotion  of  inventions  and  its  application  of  all  sciences 
and  all  arts  in  their  thus  improved  state  to  the  development 
of  the  best  interests  of  the  common  people.  In  this  vivifica- 
tion  of  the  germs  of  our  modern  civilization,  the  Jews  were 
particularly  active  and  effective,  and  this  was  one  of  the 
most  powerful  influences  leading  to  their  later  banishment. 
Their  expulsion  from  Spain  led  to  the  distribution  of  the 
new  civilization  throughout  the  whole  of  continental  Eu- 
rope, wherever  a  Jew  was  admitted. 

The  Greeks  thus  carried  the  torch  of  scientific  learning 
from  their  earliest  days,  its  germ  antecedent  to  Aristotle 
and  Alexander  by  probably  centuries,  up  to  the  Saracen 
conquest :  the  Arabian  civilization  carried  it  on  into  the 
fifteenth  century,  effectively  cultivating  a  true  philosophv 
of  nature  for  at  least  eight  hundred  years;  "then  came  our 
own  modern  civilization  as  developed  and  evolved  in  France, 
Italy,  Germany,  Belgium,  Spain  and  Great  Britain.  Its 
main  progress  has  been  observed  during  the  last  two  or 
three  centuries  and  its  culmination,  if  culmination  there  be, 
has  been  observed  during  these  last  seventy-five  years, 
since  the  establishment  of  existing  systems  of  power- 
production,  of  transportation  and  of  manufactures — and 
the  inauguration  of  our  recently  developed  systems  of 
public  schooling  and  higher  scientific  and  technical  educa- 
tion. 

The  study  and  investigation  of  mechanical  science  prac- 
tically began  in  Europe  with  the  work  of  that  wonderfully 
versatile  engineer,  Leonardo  da  Vinci,  whose  biographies, 
written  by  men  utterly  ignorant  of  his  greatest  achieve- 
ments, are  devoted  to  accounts  of  his  painting  and  sculp- 
ture, his  verses  and  his  travels  and  battles  and  sieges. 
Leonardo  was  the  instigator  of  the  sixteenth  centurv 
renaissance  of  science   and   the  technical  arts  and  profes- 
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sions.*  He  was  familiar  with  the  Saracen  literature  and 
with  their  scientific  work;  their  books  and  their  learned 
men  having  come,  by  his  time,  into  Italy  and  the  south  of 
France.  He  adopted  research  as  the  only  guide  in  scien- 
tific matters,  revived  the  Aristotelian  and  the  Averroesian 
philosophical  systems  and  applied  these  true  methods  to 
his  work  in  applied  mechanics,  physics  and  all  the  natural 
sciences  with  which  he,  more  than  any  other  man  of  his 
day,  probably,  was  familiar.  His  technical  applications  of 
the  sciences  were  numerous  and  valuable  and  his  familiarity 
with  the  literature  and  the  science  and  with  the  learned 
men  of  his  time  gave  currency  to  his  productions  that  could 
not  otherwise  have  been  attained.  He  thus  firmly  founded 
the  existing  systems  of  thought  and  work  in  scientific  and 
technical  matters.  All  modern  science  and  all  contem- 
porary workers  in  scientific  and  technical  fields,  whether  of 
the  schools  or  of  the  professions  or  in  research,  owe  more 
to  Leonardo  than  the  average  student  can  realize. 

Finally  came  Newton  and  the  great  mathematicians, 
Lavoisier  and  the  famous  chemists,  Boyle  and  the  succeed- 
ing physicists,  Watt  and  all  the  wonderful  inventions  of  our 
century.  By  the  end  of  the  first  quarter  of  this  century  the 
advancement  due  to  all  these  developments  was  well  under 
way  and  that  world  with  which  we  are  concerned  took 
form. 

Times  have  thus  strangely  changed  in  these  later  centur- 
ies. In  the  middle  ages  and  earlier,  when  all  the  world  was 
composed  of  few  masters  and  many  men,  when  the  great 
body  of  mankind  was  ruled,  and  individuality  was  unknown 
among  nations,  even  education  was  directed  by  the  masters 
of  men,  and  church  and  state  were  alike  phases  of  aristoc- 
racy. The  curriculum  was  prescribed  by  monastic  rule,  and 
the  so-called  "  four  learned  professions "  were  theology 
ruled  by  the  church,  law  constructed  and  manipulated  for 
the  monarch,  medicine  the  refuge  of  younger  sons  of  the 
rulers,  and  philosophy  the  resort  of  wealthy  and  aristocratic 

*See  particularly  "II  codice  Atlantico  di  Leonardo  da  Vinci."  Milano. 
i8q8. 
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idlers.  Engineering,  the  first  and  last  and  always  essen- 
tial basis  of  civilization  and  of  all  true  advancement  in 
material  wealth,  the  necessary  accompaniment  of  advance- 
ment in  learning  and  the  promoter  of  the  most  vital  moral 
and  spiritual  elevation,  was  unrecognized  by  Greek,  Ro- 
man and  modern  European  alike,  during  the  centuries 
preceding  the  nineteenth.  Great  mechanics  and  engineers 
were  deified  in  the  days  of  mythology,  but  they  were  ignored 
and  contemned  throughout  historic  times  until  our  own  saw 
the  beginning  of  a  real  renaissance  of  the  aristocracy  of 
ideas,  of  true  knowledge  and  of  noblest  powers  of  the  mind 
of  man.  Individualism  and  the  care  of  the  state  for  the  in- 
dividual are  the  practical  result  of  the  progress  of  our  own 
century.  The  Declaration  of  Independence  and  provision 
for  the  protection  of  the  inventor  are  corner-stones  in  the 
foundation  of  the  modern  and  current  political  creed,  and 
the  firm  basis  of  this  latest  and  onljr  true  development  of 
the  people.  It  is  only  when  each  elementary  atom  of  a 
population  is  developed  to  its  highest  and  best  in  knowledge, 
intelligence,  independence  and  character  that  the  great  mass, 
the  nation  itself,  becomes  strongest  and  best.  The  specific 
gravity  of  its  elementary  molecule  is  that  of  the  mightiest 
mass.  Give  the  particles  weight  and  value,  and  the  mass 
assumes  maximum  value  as  a  certain  consequence.  A  hun- 
dred years  ago  the  schools,  the  colleges  and  the  universities 
of  even  Great  Britain  were  inaccessible  to  the  people  of 
England  ;  those  of  the  continent  of  Europe  were  reserved, 
practically,  to  aristocracy  ;  in  the  newly-organized  United 
States  of  America,  only,  of  all  civilized  countries,  was  edu- 
cation practically  and  legally  free  to  all  ranks  and  all  classes. 
In  these  United  States  education  was,  from  the  first,  recog- 
nized as  the  birthright  of  the  people. 

In  the  Massachusetts  Constitution  of  1780  it  was  writ- 
ten :  "  The  encouragement  of  the  arts  and  sciences  and  of 
all  literature  tends  to  the  honor  of  God,  the  advantage  of 
the  Christian  religion  and  the  benefit  of  this  and  the  other 
United  States  of  America."  Wisdom  and  knowledge,  as 
well  as  virtue,  were  recognized  as  essential  to  the  prosperity 
of  a  nation,  and  the  cultivation  of  the  arts  and  sciences,  as 
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well  as  of  literature,  was  made  a  duty  of  legislatures  in 
order  that  the  rights  and  liberties  of  the  people  should  be 
conserved.  The  great  Northwest  Territory  was  controlled 
by  a  primary  law,  the  famous  ordinance  of  1787,  in  which  it 
was  declared  that  "  Schools  and  the  means  of  education 
shall  be  forever  encouraged,  the  perfection  of  the  individual 
as  the  elementary  atom  of  the  State  being  the  end  sought." 
Later  came  the  slow  but  still  advancing  recognition  of  the 
necessities  of  the  individual  in  the  perfection  of  the  school 
system  and  of  the  various  forms  of  curriculum  required  in 
each  grade  and  in  each  class  of  educational  institutions. 
While  it  seems  sometimes  questionable  whether,  with  our 
combinations  of  masters  and  of  men,  of  corporations  and  of 
trusts,  of  classes  and  of  masses,  the  individual  is  not  being 
again  deprived  of  that  liberty  and  opportunity  which  seemed 
on  the  point  of  being  fully  insured  him,  it  is  to  be  noted 
that,  in  all  these  kaleidoscopic  movements  of  the  modern 
world,  the  individual  still  retains  his  right  and  his  power  to 
rise  from  stratum  to  stratum,  to  pass  from  class  to  class,  to 
rise  or  fall,  or  to  swerve  from  old  into  new  courses,  just  as 
readily  and  just  as  far  as  his  desires  and  his  natural  powers 
impel  and  permit.  "  Liberty  always  and  everywhere  insists 
on  the  use  of  all  legitimate  materials  at  hand  for  the  attain- 
ment of  its  purposes.  Such  materials  are  ability,  education, 
foresight,  invention,  personal  influence  and  material  re- 
sources."* Only  individual  liberty  to  move  in  any  and 
every  direction  in  which  one's  talents,  tendencies,  interests, 
proclivities  lead  can  give  true  progress  to  individual  or  to 
nation.  Freedom  to  secure,  not  simply  an  education,  but 
just  the  sort  of  education  that  one's  talents  and  inclinations 
or  one's  necessities  may  seem  to  call  for,  is  one  of  the  most 
vitally  important  of  those  rights  which  Magna  Charta  and 
the  Declaration  of  Independence  have  assured  to  mankind. 
The  placing  of  schools  of  engineering  beside  those  of  law 
and  of  medicine,  the  rehabilitation  of  the  profession  as  one 
of  the  learned,  as  perhaps  the  most  learned  of,  professions, 

*  "  Irresistible  Teudeiicies. "     President  Charles  Kendall  Adams.    Atlantic 
Monthly,  September,  1S99,  p.  293. 
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the  general  organization  of  courses  of  instruction  in  the 
arts  and  sciences — sciences  applied  as  well  as  "  pure" — and 
the  extension  of  the  school  and  college  systems  over  the 
realms  of  technical,  trade  and  professional  instruction  and 
training,  have  been  the  most  obvious  and  fruitful  results  of 
the  liberty  of  the  individual  and  of  the  endeavors  of  our 
century  to  promote  the  interests  of  the  citizen  and  through 
him  the  progress  of  the  nation. 

While  it  is  perfectly  true  that  the  evolution  of  education, 
including  those  branches  which  we  distinctively  call 
technical,  covers  a  period  extending  back  to  the  beginning 
of  civilization,  if  not  of  human  life  on  this  globe,  it  is  none 
the  less  true  that  more  has  been  accomplished  during  our 
own  century,  more  during  the  period  of  seventy-five  years  in 
the  history  of  which  we  have  here  and  now  such  special 
interest,  than  during  the  centuries,  millenniums,  which  pre- 
ceded. 

Three  remarkable  developments  of  the  present  century, 
all  the  outcome  of  great  social  processes  of  evolution  in 
various  departments  of  our  later  civilization,  have  compelled 
the  attention  of  students  of  history  and  of  sociology  in 
these  later  days  ;  illustrating  the  fact  that  all  modern  prog- 
ress has  been  made  by  advances  of  continuously  increasing 
importance.  The  rate  of  progression  under  the  action  of 
the  mighty  forces  which  have  become  so  sensible,  in  these 
decades  which  have  seen  substantially  all  the  grandest 
movements  of  humanity,  like  that  of  a  stone  falling  under 
action  of  gravitation,  has  been  in  each  of  these  directions 
an  acceleration.  These  three  most  wonderful  accelerations 
have  been:  (i)  the  progress  of  invention  and  of  the  mechanic 
arts ;  (2)  the  evolution  of  modern  physical  sciences ;  (3)  the 
advancement  of  systematic  methods  of  cultivation  of  the 
mind.  Progress  in  the  mechanic  arts  and  engineering, 
scientific  discovery,  and  the  construction  of  the  sciences, 
and  that  form  of  intellectual  training  which  we  call  educa- 
tion have  all  constituted  most  important  characteristics  of 
the  progress  of  the  century. 

At  the  beginning  of  this  century  the  existing  educational 
system  had  not  taken  form,  and  its  most  striking  develop- 
VoL.  CXLIX.     No.  8yo.  7 
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ment,  the  education  of  a  people  for  the  life  and  work  of  a 
people,  the  supplementing  of  a  purely — and  most  admirable 
and  most  desirable — gymnastic  education  by  technical 
instruction  and  professional  training  in  the  industrial  pro- 
fessions, had  not  become  systematized.  Especially  is  it  the 
fact  that  the  distinguishing  characteristic  of  modern  meth- 
ods of  education,  classic  and  scientific,  technical  and  pro- 
fessional alike — the  placing  of  the  work  of  instruction,  in 
every  branch  of  the  pantology  of  modern  educations,  in  the 
hands  of  specialists  and  of  experts,  of  men  fitted  by  special 
education,  by  peculiar  experience,  and  by  natural  proclivi- 
ties to  communicate  most  of  each  special  knowledge  to  the 
pupil — has  only  now,  and  even  now  not  completely,  come 
into  the  accepted  platform  and  constitution  of  education. 
A  generation  ago,  even,  the  proposition  that,  in  education, 
as  in  all  other  departments  of  human  activity,  to  insure 
success  the  work  must  be  performed  by  the  expert  worker, 
was  not  admitted,  and  it  was  not  unusual  to  place  in  charge 
of  a  department,  or  at  the  head  of  a  college  even,  a  man 
having  no  technical  familiarity  with  the  methods  of  the 
practitioner,  whether  mathematician  or  astronomer,  chemist 
or  physicist,  engineer  or  classicist.  Clergymen  were  given 
the  place  of  the  pedagogical  expert ;  lawyers  were  made 
heads  of  schools  of  engineering ;  classicists  were  made 
presidents  of  schools  of  science ;  and  the  idea  of  finding  a 
man  fitted  by  practical  experience  and  natural  talent  for 
the  position  only  properly  assigned  to  an  expert  professional 
was  unrecognized  in  the  general  confusion  attending  the 
construction  and  operation  of  the  educational  system.  To- 
day all  this  is  changed.  Clergymen  control  the  schools  of 
theology,  lawyers  take  in  hand  the  schools  of  law,  and  en- 
gineers are  taking  the  management  of  the  schools  of  engi- 
neering ;  and  the  latest  and  the  least  recognized  forms  of 
professional  school  are  coming  to  be  known  as  those  exact- 
ing most  of  their  students  and  adopting  most  extensive  and 
intensive  curricula.* 


*  "  Educational  Problems.    Electrical  Engineering  as  a  Profession."  R,H. 
T.  (Reprinted  from  the  N.  Y.  Evening  Post,  September  lo,  1898.) 
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A  glance  through  the  pages  of  history  reveals  the  funda- 
mental thought  of  the  modern  and  so-called  education  in 
the  spoken  and  written  words  of  philosophers  of  all  ages, 
and  its  practical  embodiment  in  the  school  s^-stems  has  been 
witnessed,  in  some  degree,  at  least,  from  the  earliest  his- 
toric times.  The  first  great  university,  that  which  even 
now  stands,  its  time  and  surroundings  being  considered, 
as  the  representative  university  of  all  time,  that  founded  by 
the  Ptolemies  over  two  thousand  years  ago,  included  tech- 
nical learning  and  professional  training  in  its  curriculum, 
notwithstanding  the  anti-utilitarian  sentiment  of  the  Greek 
people  and  their  philosophers  and  nobles.  Astronomy  and 
navigation,  mechanics  and  engineering,  mathematics  and 
all  then  recognized  applied  sciences  were  there  taught  to 
all  students  and  disciples  by  the  most  learned  men  of  the 
time.  The  transfer  of  the  arts  and  sciences  and  of  all 
learning  from  Greece  to  Egypt,  and  by  the  Saracens  to 
Spain,  and  from  Spain  and  the  shores  of  northern  Africa  to 
Europe,  and  through  the  centuries  to  our  own  times,  has 
always  been  so  effected  as  to  maintain  technical  and  profes- 
sional schools  as  a  part  of  the  system  of  education  of  every 
state,  and  the  organization  of  the  schools  at  Bologna  and  at 
Salerno  in  connection  with  the  medical  and  legal  profes- 
sions illustrated,  centuries  ago,  the  idea  of  the  modern  pro- 
fessional school.  The  Greek  and  the  Roman  and  the  Sara- 
cen and  the  modern  European  educations  all  alike  were 
more  than  simply  gymnastic  and  "classical ;  "  all  included 
more  or  less,  in  varying  degree  at  different  periods,  the 
technical  and  practical  side  of  education. 

It  was  not,  however,  until  the  seventeenth  century  that 
special  and  precisely  planned  technical  schools  or  depart- 
ments of  the  university  became  recognized  necessities  in 
the  minds  of  many  men,  and  applied  sciences  were  seen  to 
be  the  real  and  ultimate  end  of  the  pursuit  of  the  knowl- 
edge of  the  pure  sciences,  and  the  gymnastic  forms  of  educa- 
tion to  have  an  ulterior  and  vital  purpose  in  the  promotion  of 
the  welfare  of  the  people.  Plato  had  declared  education  to 
be  the  business  of  the  state,  and  the  inference  was  inev- 
itable that  the   state  should  provide  that  education  mos 
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likely  to  advantage  the  people.  Milton  pleaded  for  a  "  com- 
plete and  perfect  "  education  that  should  "  fit  a  man  to  per- 
form justly,  skilfully  and  magnanimously  all  the  offices, 
both  private  and  public,  of  peace  and  war."  Bacon  had 
the  same  thought,  and  Comenius,  his  disciple,  planned  a 
real  "  university,"  to  include  in  its  faculty  men  of  science 
learned  in  the  applications  of  science  in  the  arts  as  well  as 
men  learned  in  languages  and  literatures.  The  Marquis  of 
Worcester,  the  inventor  of  one  of  the  modern  steam- 
engines,  the  exponent  for  his  time  of  the  truly  broad  and 
university-educated  man,  urged  upon  his  monarch  the 
organization  of  a  system  of  technical  schools  for  the  pur- 
pose of  promoting  the  highest  interests  of  the  nation ; 
Descartes  sought  the  same  result  in  a  similar  manner  in 
France,  and,  in  that  century,  while  all  the  sciences  were 
taking  new  forms  and  making  new  and  extraordinary  prog- 
ress through  the  then  new  systems  of  scientific  research, 
the  perfection  and  completing  of  the  educational  systems 
was  a  prominent  thought  in  the  minds  of  many  of  the 
greatest  men  of  the  day.  Descartes,  in  fact,  proposed  a 
sort  of  Franklin  Institute  in  which  should  be  provided 
lectureships  and  schools  for  the  people,  a  people's  technical 
university — if  that  term,  thus  applied  by  John  Scott  Rus- 
•  sell,  may  be  admitted — in  which  the  systematic  and  scien- 
tific development  of  all  the  educations  likely  to  help  the 
people  to  prepare  themselves  for  the  sequel  of  their  lives 
should  be  effected.  The  foundation  of  the  French  "  Conser- 
vatoire des  Arts  et  Metiers,"  by  the  great  inventor  and  me- 
chanic, Vaucanson,  was  probably  the  first  important  actual 
embodiment  of  the  ideas  which  had  been  familiar  to  Plato, 
to  Aristotle,  to  the  Ptolemies  and  their  successors  in  the 
realm  of  education,  in  later  times.  Martin  Luther  was 
among  these  successors,  and  he  and  other  great  German 
educators  early  adopted  the  views  of  the  leaders  of  thought 
of  the  preceding  centuries,  Germany  was  the  first  nation  to 
put  in  practice  the  thesis  of  Plato  and  to  inaugurate,  for- 
mally and  with  considerable  extent  and  symmetry,  the  sys- 
tems of  modern  technical  education  of  the  people  for  the  life 
and  work  of  the  people,  and  magnificently,  as  we  may  now 
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perceive,  has  that  nation  profited  by  such  wisdom  and  prac- 
tical statecraft.  To-day  the  German  system  of  national 
education  is  the  admiration  of  the  world.  It  is  now  a  half 
century  since  John  Scott  Russell  made  his  first  study  of 
those  schools  of  the  people  of  which  he  wrote  in  1869  so 
glowing  a  panegyric*  They  have  steadily  improved  and 
broadened  their  field  from  that  day  to  this,  and  are  still  im- 
proving and  maintaining  their  lead  over  other  nations  in 
many  ways,  although,  if  we  may  accept  the  judgment  of 
some  of  their  own  ablest  educators  and  professional  men, 
our  own  country  has,  during  the  present  generation, 
struck  on  in  advance  of  them  in  some  departments  in 
methods  and  curricula.  Trotzendorf,  Sturm,  Neander  and 
Comenius,  Spencer  and  Francke,  Basedort  and  Pestalozzi 
and  Hecker  built  foundations  upon  which  arose  a  great  sys- 
tem of  useful  and  stimulating  education  of  every  class  in 
the  community,  and  in  such  manner  as  should  give  to  all  the 
power  of  making  the  most  and  best  of  every  God-given  fac- 
ulty, physical,  intellectual  and  spiritual.  This  system  re- 
vivified and  regenerated  the  German  nation  much  as,  in 
these  later  days,  the  "  land-grant  "  legislation  of  our  own 

*  "  Twenty  years  ago  professional  duty  took  me  to  Germany  for  the  first 
time.  I  cannot  forget  my  impression  at  the  sight  of  whole  nations  growing 
up  in  the  full  enjoyment  of  systematic,  organized,  I  might  almost  say  perfect, 
education.  I  had  already  become  acquainted  with  some  theories  and  forms 
of  education.  I  had  read  Plato's  description  of  the  perfect  training  for  a  na- 
tion. I  was  familiar  with  elementary  school-teaching,  and  enjoj-ed  the  privi- 
leges of  university  education  and  the  still  higher  education  of  the  workshop. 
I  was  familiar  with  the  system  of  Bell  and  Lancaster,  having  had  personal 
acquaintance  with  its  authors,  and  had  myself  taken  an  active  part  in  schools 
of  art  and  mechanics'  institutions,  but  I  confess  to  have  been  profoundly  as- 
tonished —I  may  sa}-  humiliated — at  the  sight  of  nations  whose  rulers  had 
chosen  to  undertake  the  systematic  education  of  their  people,  and  of  peoples 
who  had  chosen  to  bear  the  burdens  and  to  make  the  sacrifices  necessary  to 
obtain  it.  I  do  not  know  to  what  men  or  class  of  men  in  Germany  the  fore- 
thought, orgJinization,  and  patriotism  are  to  be  attributed  which  made  them 
lay  aside  personal  ambition,  political  animosity,  religious  sectarianism,  and 
state  parsimony  in  order  to  unite  all  the  classes  of  people  in  a  unanimous 
effort  to  raise  every  rank  in  society  to  a  higher  condition  of  personal  excel- 
lence and  usefulness,  and,  by  diffusing  equality  of  education,  to  extinguish 
the  most  grievous  of  class  distinctions." — "  Systematic  Technical  Education;" 
John  Scott   Russell.     London.      1869. 
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country  has  inaugurated  a  new  system  and  new  views  of  the 
needs  of  the  people  and  the  duties  of  the  state.  It  made  evi- 
dent the  fact  that,  as  Russell  states  the  point,  the  education 
of  the  nation  is  to  be  divided  into  two  distinct  divisions, 
logically :  the  one,  that  which  "  educates  and  matures  the 
man,  and  which  we  call  'general  education;'"  the  other, 
that  which  "  specially  qualifies  the  citizen  for  fulfilling  that 
narrow  round  of  duties  which  the  subdivisions  of  labor  in 
civilized  countries  impose  on  the  individual  as  his  special 
contribution  to  the  commonwealth  and  which  we  may  call 
special  or  technical."  In  Germany,  Russell  found,  as  you 
or  I  may  find  to-day,  the  most  systematic  and  economical 
and  fruitful,  the  most  "  complete  and  perfect  "  national  or- 
ganization for  the  special  care  of  this  second  division  of 
educational  work  that  the  world  has  yet  seen. 

When,  in  our  own  country,  we  secure  the  union  of  this 
German  national  system  of  administration  and  this  com- 
plete distribution  of  the  statesman's  care  over  all  classes 
and  in  all  localities,  with  our  own  peculiar  and  specially 
efficient  system  of  union  of  the  scientific  with  the  practical, 
the  combination  of  gymnastic  teaching  with  scientific  ex- 
perimental methods  of  the  laboratory,  in  all  departments 
and  in  all  technical  and  professional  work,  we  shall  have 
attained  very  nearly  the  ideal  of  Milton  and  of  the  great 
educators  and  the  real  statesmen  of  our  own  time.  This 
must  soon  come.  The  course  of  modern  progress  in  this 
department  of  national  life  has  been  practically  one  which 
has  a  history,  as  we  have  seen,  dating  back  to  the  earliest 
days  of  Greek  culture  ;  but  real  progress,  with  acceleration 
of  measurable  degree,  really  began  in  the  times  of  Milton 
and  of  Bacon,  took  on  importance  with  the  organization  of 
the  German  national  system  of  technical  and  professional 
education  in  connection  with  the  older  gymnastic  systems^ 
and  assumed  visible  importance  at  about  the  time  of  the 
incorporation  of  the  great  enterprise  whose  accomplish- 
ments we  here  and  now  celebrate.  During  this  century,  and 
particularly  since  the  last  generation  took  a  hand  in  the 
work,  progress  has  been  steady  and  increasingly  rapid. 
Another  generation  should   see  our  own   country  provided 
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with  an  educational  system,  perfect  and  complete,  broad  as 
the  continent,  deep  as  modern  life  and  rich  and  fruitful  as 
the  best  thought  of  the  wisest  educators  and  greatest  states- 
men can  make  it. 

Every  State  and  every  nation  owes  to  its  people  the  or- 
ganization of  a  general  system  of  education — not  abstract 
and  ideal,  not  fitted  to  the  purposes  of  the  well-to-do  citi- 
zens solely,  not  planned  from  the  point  of  view  of  the  older 
academician  or  fitted  into  the  ancient  monastic  scheme — a 
system  adapted  to  the  immediate  and  practical  needs  of  a 
great  body  of  civilized  people  endeavoring  to  live  and  work 
and  to  enjoy  the  privileges  of  modern  civilization,  on  an 
average  income  of  between  $600  and  $700  a  year  for  a 
family,  in  the  settled  portions  of  the  country ;  when  this  is 
understood,  the  question  finds  easy  solution — in  words. 
The  difficulties  of  securing  the  inauguration,  in  even  our 
enlightened  country,  of  such  a  system,  in  the  face  of  long- 
standing prejudice,  of  existing  and  established  curricula 
of  the  ancient  and  cloisteral  type,  of  indifference  on  the 
part  of  politicians  filling  places  belonging  to  statesmen,  of 
ignorance,  on  the  part  not  only  of  the  average  citizen  and 
voter,  but  even  on  the  part  of  the  intelligent  men  of  the 
country,  very  few  of  whom  have  given  time  to  investigation, 
or  thought  to  this  most  important  of  economical  subjects, 
are  beyond  estimate.  These  difficulties,  however,  are  cer- 
tain to  be  in  time  overcome,  for  their  removal  is  essential 
to  the  progress  of  our  country  in  its  great  career. 

The  classification  may,  perhaps,  take  some  such  form  as 
this  :* 

{a)  A  common-school  system  of  general  education  pro- 
viding the  elementary  studies  of  a  good  English  education, 
perfecting  the  pupil   in   the  arts  of   reading,  writing  and 

*  This  scheme  was  substantially  constructed  as  here  presented  by  the  writer 
when,  as  member  of  the  New  Jersey  Commission  for  Devising  a  Plan  for  En- 
couragement of  Manufacturing  Industries  in  that  State  and,  as  Secretary  of 
the  Commission,  he  prepared  for  the  Commission  such  a  scheme. 

See  Report  of  New  Jersey  State  Commission,  Trenton,  187S  ;  also  Sibley 
Journal  of  Engineerijig,  June,  1892  ;  "The  Demands  of  the  State  ;''  also  the 
Trans.  Am.  Soc.  M.  E.,  1892,  Vol.  XIV;  and  Trans.  A)>i.  Soc.for  Prouiotion 
of  Engineering  Education,  1898;  "  Organization  of  Engineering  Courses,"  etc. 
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arithmetic,  at  least,  and  with  so  much  of  the  m.ost  essen- 
tial primary  work  in  language,  geography,  etc.,  as  space  can 
be  found  for,  without  reducing  the  vitally  important  work 
to  inefficiency.  This  system  should  be  adapted  to  the  needs 
of  all  classes. 

{b)  A  system  of  special  adaptation  of  primary  instruction 
to  the  needs  of  children  who  must  become  skilled  artisans 
and  who  cannot  be  kept  in  school  by  their  parents  longer 
than  during  the  period  of  their  growth  to  that  size  and  age 
at  which  they  can  be  made  to  assist  in  the  support  of  the 
family.  Such  a  system  may,  perhaps,  prove  to  require 
special  adaptation  of  text-books  to  the  purpose,  in  which 
text-books  the  terms  of  the  trades,  and  reading  matter  giv- 
ing accounts  of  industrial  processes,  may  be  introduced. 

{c)  A  system  of  trade-schools  in  which  general  and  special 
instruction  may  be  given  pupils  preparing  to  enter  the  lead- 
ing industries,  in  which  schools  the  principles  underlying 
the  principal  vocations  of  the  locality  are  to  be  taught  and 
the  essential  actual  manipulations  of  the  trades  are  to  be 
illustrated  and  taught  by  practical  exercises  until  the  pupil 
becomes  expert. 

Thus,  the  Germans  have  besprinkled  all  over  their  coun- 
try schools  of  carpentry,  blacksmithing,  weaving,  bleaching 
and  dyeing,  forestry,  agriculture,  etc. 

These  schools  should  be  established  in  every  city  and 
town  in  the  State. 

{d)  Polytechnic  schools  should  be  incorporated,  formally 
and  with  system,  into  the  great  educational  scheme  of  the 
State  and  of  the  country,  .in  which  higher  work  in  the 
applied  sciences  and,  usually,  some  trade  or  professional 
instruction  should  be  offered  students  whose  circumstances 
are  such  that  they  may  be  given  an  education  extending 
toward  the  years  of  maturity  and  whose  talents  and  incli- 
nations lead  them  to  select  technical  school  work  as  intro- 
ductory to  their  later  practice  of  the  industrial  arts. 

{e)  Technical  schools  and  colleges  and  professional  schools 
within  the  colleges  and  universities,  in  which  the  highest 
professional  instruction  in  the  applied  sciences  and  in  the 
scientific  basis  of  the  profession  may  be  offered  those  who 
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are  permitted  by  rare  good  fortune  to  seeure  a  good,  a  lib- 
eral education  while  preparing  for  entrance  into  the  profes- 
sional school  and  upon  their  chosen  line  of  life-work. 

(/)  Such  a  bureaucratic  system  of  supervision  and  con- 
duct, presumably  by  the  State,  acting  through  experts  in  all 
branches  of  educational  work,  and  all  imbued  with  the  Mil- 
tonian  idea,  as  will  insure  symmetry  and  efficiency  of  the 
whole  great  structure  of  education  of  the  people  for  the  life 
and  work  of  the  people. 

{g)  In  the  United  States  the  work  of  the  several  vStates 
should,  it  would  seem,  be  correlated  by  a  great  central,  a 
national  organization,  a  national  university,  presumabh',  to 
which  all  lines  should  converge  straight  from  the  most  ele- 
mentary of  the  primary  departments  and  schools,  through 
the  whole  system  of  academic  and  technical  secondary 
schools  and  State  colleges  and  universities,  and  which 
should  thus  serve  at  once  as  a  source  of  authority  and  of  in- 
structing talent  of  the  loftiest  character;  providing  men  of 
genius  and  giving  grandest  educational  advantages  to  all 
the  lower  grades  ;  raising  up  the  level  to  which  the  tide  of 
culture  may  rise  in  attaining  the  highest  possible  altitude, 
and  serving,  further,  as  the  ultimate  goal  of  the  great  minds 
of  the  nation. 

{h)  National  bureaux  of  education  having  enlarged  pow- 
ers, wider  duties  and  grander  opportunities  of  engaging  in 
the  task  of  instituting  and  promoting  systematic  and  gen- 
eral education,  such  as  Milton  would  have  approved,  and 
serving  as  the  great  advisory  and  directing  agents  in  the 
permanent  task  of  maintaining  and  improving  the  symmetry 
and  completeness  of  the  whole  national,  vState  and  local  sys- 
tems of  general  and  special  education. 

Supplementing  all  these,  and  doing  a  work  that  cannot 
be  performed  by  any  system  of  public  teaching  in  classes  and 
schools,  should  be  found  in  every  city  and  town  such  insti- 
tutions as  this  in  Philadelphia,  lending  a  hand  to  the  ambi- 
tious and  less  fortunate  members  of  the  body  politic  who 
have  been  unable  to  secure  the  advantages  of  systematic  in- 
struction or  who,  having  neglected  opportunities  of  this  sort 
in  earlier  life,  later  are  awakened  to  the  desirability  of  per- 
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fecting  and  completing  an  imperfect  and  incomplete  educa- 
tion. 

The  grand  developments  in  the  direction  of  the  education 
of  the  people  for  the  life  and  work  of  the  people,  in  these 
later  times,  have  thus  far  been  : 

(i)  The  institution  of  the  system  of  common  school  edu- 
cation in  the  United  States,  a  system  unequalled  even  now 
elsewhere,  giving  to  every  citizen  a  preparation  for  a  life 
worth  living,  such  as  no  people  ever  had  before. 

(2)  The  organization,  first  in  France,  of  great  technical 
schools  under  the  supervision  of  the  government,  in  which 
the  older  professional  methods  of  training  are  adopted  in 
the  preparation  of  youth  for  the  professions  of  the  construc- 
tive arts  and  engineering. 

(3)  The  establishment  by  Germany,  in  more  complete 
form,  of  a  system  of  national  schools,  manual  training,  trade 
and  higher  technical,  such  as  is  represented,  in  type,  by 
the  great  Prussian  school  at  Charlottenburg,  near  Berlin. 

(4)  The  organization  of  special,  isolated,  usually  privately 
endowed,  polytechnic  and  engineering  schools,  like  those 
of  the  United  States  and  Great  Britain,  and  which  are 
typified  by  our  military  and  naval  academies,  the  Troy 
Polytechnic  Institute,  the  Massachusetts  Institute  of  Tech- 
nology, the  Stevens  Institute  of  Technology  and  the  Drexel 
Institute. 

(5)  The  development  of  State  universities  devoted,  in 
fair  proportion,  to  the  instruction  of  students  in  technical 
departments  and  schools  under  the  patronage  and  care  of 
the  State,  somewhat  after,  the  manner  of  the  common 
schools — a  system  which  finds  its  highest  development  in 
the  Middle  and  AVestern  States  in  this  country,  and  which 
forms  part  of  the  whole  educational  system  of  the  vState. 
The  existence  of  large  and  privately  endowed  colleges  and 
universities  in  the  Eastern  States  has  prevented  equal  de- 
velopment on  this  side  the  Alleghenies. 

"  What  is  wanted  in  our  day  is  that  complete  and  per- 
fect representative  of  one  great  and  all-embracing  system 
which  shall,  for  its  time,  do  what  was  done  by  the  grandest 
of  all  ancient  institutions,  the    greatest   of  all   the   ancient 
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'  wonders  of  the  world,'  in  its  day — offer  to  all-comers  oppor- 
tunity to  study  and  to  pursue  all  the  sciences,  all  the  liter- 
atures and  all  the  arts  of  the  contemporary  civilization. 
Ezra  Cornell  expressed  the  ideas  of  Plato  and  of  Aristotle 
and  of  Milton  and  of  John  Scott  Russell  in  a  sentence  :  '  I 
would  found  an  institution  in  which  any  person  can  find 
instruction  in  any  study.' 

"This  Cornellian  ambition,  absurd  as  it  may  seem  to  the 
dull  plodder  in  the  ways  of  the  mediaeval  educator  and  of 
the  monastic  regime,  is  precisely  that  of  the  German  Em- 
pire and  of  its  constituent  political  elements  of  the  earlier 
generations,  since  the  time  of  Luther. 

"  Once  it  is  recognized  as  a  great  principle  of  politics 
and  economics  that  the  primary  duty  of  the  State — given  a 
system  of  government  which  steadily  maintains  the  law  and 
preserves  the  peace — is  to  see  that  the  people  are  taught  to 
make  themselves  competent  to  make  the  most  of  life  and 
of  the  marvellous  opportunities  which  modern  civilization 
presents  to  all  men,  the  obvious  universality  of  the  scheme 
of  public  education  and  training 'for  the  sequel  of  the  lives' 
of  citizens  is  instantly  recognized,  and  its  practicability  in 
a  reasonable  sense  as  well ;  for  the  powers  of  the  State  are 
to  be  invoked  to  their  utmost  limits."* 

While  common  schools,  as  we  know  them,  were  organized 
in  the  older  States  during  the  colonial  period,  and  in  the 
newer  States  with  the  adoption  of  their  constitutions  and  the 
formation  of  their  State  or  even  of  their  territorial  govern- 
ments, it  was  not  until  about  1825  that  the  condition  of  the 
countr}%  industrially  and  politically,  had  become  so  well 
settled  that  the  attention  of  the  people  could  be  given  with- 
out distraction  to  the  solution  of  the  great  problems  in- 
volved in  their  thorough  organization.  Since  then  our 
present  universal  and  remarkably  efficient  common  school 
education  has  taken  shape  and  has  come  to  constitute  the 
foundation  of  all  secondary  and  higher  education,  liberal, 
classical,    even    technical    and    professional.      To-day,  the 


*  "  On  the  Organization  of  Engineering  Courses,  etc.  :"  "Trans.  Am.  Soci- 
ety for  Promotion  of  Engineering  Education,"  R.  H.  T.  ;  1898. 
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whole  population  of  our  country  is  at  least  educated  in  the 
common  schools  if  not  in  the  higher  departments  of  our 
school  and  college  system.  This  is  the  solid  and  enduring 
basis  of  the  intellectual  and  social,  and  largely  even  of  the 
moral,  life  of  our  nation. 

The  organization  of  the  great  technical  schools  of  Europe, 
the  progenitors  of  our  own  technical  and  industrial  schools, 
may  perhaps  be  properly  said  to  have  begun  with  the  in- 
auguration, in  1785,  of  the  French  "Conservatoire  Imperial 
des  Arts  et  Metiers,"  as  it  is  officially  called.  The  establish, 
ment  was,  in  1793,  placed  in  the  hands  of  a  "Commission 
temporaire  des  Arts,"  and,  still  later,  the  present  title  was 
conferred  upon  it  by  a  decree  of  the  "  Convention  Nationale." 
The  "  Commission  temporaire  "  was  fortunately  able  to  pre- 
serve the  splendid  collections  uninjured  during  the  dis- 
turbed period  of  revolution  in  which  they  had  charge  of 
them,  and  even  procured  from  the  Convention  a  decree 
making  their  charge  a  "  depot  public  "  and  authorizing  the 
appointment  of  three  "  demonstrateurs  "  and  a  designer  to 
conduct  a  course  of  instruction.  A  little  later,  the  whole 
establishment  was  domiciled  in  the  old  priory  of  Saint- 
Martin-des-Champs.  On  its  faculty-lists  have  been  num- 
bered many  of  the  greatest  names  known  to  France  and 
the  world — Thenard,  Charles,  Darcet,  Dupin,  Clement, 
Berthollet,  Gay  Lussac,  Arago,  Pouillet,  Poncelet,  Ollivier, 
Bequerel,  Moll,  Alcorn,  Tresca,  Morin  and  Laussedat 
are  names  familiar  throughout  the  civilized  world. 

The  Conservatoire  was  not  actually  constituted  a  school 
of  technical  instruction,  however,  until  18 19,  and  it  has 
never  been  a  school  for  the  workingmen  of  France,  but  has 
been  devoted  to  the  education  of  students  for  the  higher 
positions  in  the  industrial  system  and  to  the  training  of 
professional  engineers. 

A  more  typical  example  of  the  form  of  industrial  school 
which  is  most  effective  in  the  development  of  manufactures 
and  the  arts  is  the  later  "  Ecole  Centrale  des  Arts  et  Manu- 
factures," founded  at  Paris  in  1829.  This  school  was  taken 
in  charge  by  the  government  in  1858,  and  has  since  that 
time   formed    a    part  of  that  general  system  of  industrial 
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education  to  which  France  so  largely  owes  her  present  posi- 
tion as  a  wealthy  and  prosperous  nation.  Students  from  all 
parts  of  France  and  from  other  countries  as  well  are  ad- 
mitted. Although  large  numbers  of  the  students  are  for- 
eigners, this  institution  remains,  as  it  was  said  by  M.  Morin 
and  M.  Tresca,  "pour  I'industrie,  une  des  forces  princi- 
pales  "  of  France.*  Founded  originally  by  an  association 
of  scientific  men,  which  included  MM,  Dumas,  Peclet, 
Olivier  and  others  hardly  less  distinguished,  it  stood  un- 
aided nearly  thirt}'-  years,  and  finally  became  one  of  the 
pillars  of  the  state,  and  to-day  furnishes  a  large  proportion 
of  the  civil  engineers  of  France. f 

Other  schools — as  the  Ecole  Polytechnique,  I'Ecole  des 
Fonts  et  Chaussees  at  Paris,  I'Ecole  des  Mines  at  St.  Etienne, 
and  that  at  Alais,  I'Ecole  des  Arts  et  Metiers'at  Chalons, 
those  at  Aix  and  elsewhere,  and  the  "  Ecoles  Industrielles  " 
at  jMulhouse,  Lyons,  Lille  and  in  other  cities — aid  in  mak- 
ing the  system  of  industrial  education  of  France  admirably 
perfect.  These  schools,  with  the  exception  of  the  "  Ecoles 
Industrielles,"  are  under  the  direction  of  the  state. 

The  trade  schools  are  usually  founded  by  municipal 
authority,  and  are  under  the  direction  of  the  city  govern- 
ments creating  them.  They  fit  young  men  to  become  good 
workmen  and  excellent  superintendents.  They  are  devoted 
peculiarly  to  instruction  in  the  practical  operations  which 
constitute  the  trades.  The  "  Polytechnique,"  which  is,  in  a 
certain  sense,  the  highest  of  the  French  technical  schools, 
is  largely,  perhaps  principally,  a  school  of  mathematics  and 
of  the  pure  allied  sciences.  L'Ecole  Centrale  is  the  highest 
of  the  properly  so-called  industrial  schools,  and  educates 
leading  manufacturers  and  the  directors  of  great  industrial 
establishments. 

The  trade  schools  of  Chalons,  Aix  and  Angers  were  or- 
ganized by  a  decree  of  December  30,  1865,  for  the  instruc- 


*"  De  rOrganization  de  I'Enseignement  iudustriel  et  de  rEnseiguement 
professionel." 

t  Letter  from  General  Morin  to  Mr.  Jas.  Forrest,  Secretary  of  the  British 
Institution  of  Civil  Engineering. 
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tion  of  all  workers  in  wood  and  iron,  and  are  only  allowed 
to  receive  resident  pupils,  who  are  selected  from  among 
applicants  for  admission  by  a  competitive  examination. 
The  German  schools  in  which  engineers  or  artisans  are 
trained  may  be  reduced  to  the  following  groups  : 

(i)  Polytechnic  or  technical  high  schools,  in  which  the 
principles  and  practice  of  engineering  are  taught,  some- 
times with  the  aid  of  a  workshop,  but  generally  without  it. 
The  graduates  aspire  to  be  managing  engineers  of  mines, 
railroads,  manufacturing  establishments,  etc.,  each  accord- 
ing to  his  special  preparation. 

(2)  Intermediate  technical  schools,  subdivided  into  (i) 
general  technical  schools,  (2)  weaving  schools,  (3)  indus- 
trial art  schools.  The  general  technical  schools  may  be 
classified  into  ia)  higher  elementary  technical  schools,  {b) 
secondary  technical  schools,  [c]  building  and  mining  schools. 
The  graduates  of  these  schools  expect  to  become  foremen 
in  shops  and  works,  with  the  possibility  of  attaining  to  a 
manager's  position. 

(3)  Apprenticeship  schools  for  the  training  of  skilled 
workmen. 

(4)  Evening  schools,  available  for  artisans.  These  are 
attended  by  men  who  during  the  day  follow  their  craft. 
The  "Fortbildungsschulen,"  or  continuation  schools,  belong 
in  this  category. 

(5)  Trade  and  professional  schools  for  women. 

This  classification  may  be  still  further  simplified  in  rela- 
tion to  mechanical  engineers,  foremen  and  artisans,  and 
all  schools  devoted  to  their  service  will  fall  under  one  of  the 
following  heads:  (i)  polytechnic  schools,  with  or  without 
workshops;  (2)  secondary  technical  schools ;  (3)  apprentice- 
ship schools  ;  (4)  trade  schools. 

For  admission,  the  polytechnics  require  sometimes  more 
than  the  equivalent  of  an  American  college  course,  as  the 
Ecole  Polytechnique  ;  sometimes  the  equivalent  of  a  full 
course  at  the  Realschule,  as  at  the  German  polytechnics  ; 
sometimes,  the  best  that  the  preparatory  schools  can  give, 
as  at  the  Imperial  Institute  of  Technology  at  St.  Peters- 
burg.    The   range    and   severity   of   the   requirements    for 
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admission  gradually  diminish  till,  in  the  apprenticeship 
schools,  only  the  rudiments  of  knowledge  are  demanded. 

The  "  Gymnasia  "  in  Germany  are  preparatory  schools 
for  the  "  Polytechnicum  "  as  well  as  for  the  university  ;  but 
the  special  preparatory  schools  for  the  former  are  usually 
the  "  Realschule." 

In  Europe,  the  custom  has  come  to  be  almost  universal 
to  isolate  the  technical  schools  from  the  classical  institu- 
tions and  older  universities.  This  has  come  about  partly 
through  the  conviction  that  better  work  will  be  done  by 
each  class  of  college  if  allowed  to  work  unhampered  by  the 
different  methods  and  even  the  conflicting  views,  feelings, 
and  traditions  of  the  other,  partly,  perhaps,  in  consequence 
of  their  different  foundations.  Many  able  men  favor  each 
system,  and  the  amalgamation  of  the  university  and  the 
technical  school  is  likely  to  be  given  faithful  trial  here  and 
there  on  the  continent,  and  in  Great  Britain  perhaps  still 
more  completely;  but  they  are  to-day  separately  administered 
practically  in  nearly  all  cases.  The  view  of  the  relative 
importance  of  manual  and  of  gymnastic  training  of  the 
mind  which  prevails  generally  in  Europe  is  that,  in  the 
higher  schools  of  technology  at  least,  the  training  of  the 
hands  constitutes  no  part  of  the  essential  education  of  the 
engineer  even,  and  that  these  schools  should  confine  them- 
selves entirely  to  the  instruction  of  the  student  in  the  prin- 
ciples of  his  art,  avoiding  the  practice,  so  far  as  it  involves 
the  use  of  the  hands.  It  is  perhaps  a  consequence  of  this 
belief  and  practice  that  the  states  of  Europe  have  been,  for 
years  past,  flooded  with  well-educated,  untrained  young 
aspirants  for  entrance  into  this  vocation  who  not  only  have 
been  unable  to  find  employment,  but  who  have,  in  many  in- 
stances, been  informed  by  employers  that  they  are  not 
wanted.  It  is  the  man  who  suitably  unites  theoretical  and 
practical  knowledge  and  training  who  is  wanted  and  who 
best  succeeds,  in  Germany  no  less  than  in  the  United 
States.  The  view  held  by  so  many  of  the  higher  schools 
of  Germany  and  of  France  is  that  formerly  inspiring  the 
"  Ecole  Polytechnique  "  at  Paris,  the  first  institution,  work- 
ing on  the  highest  theoretical  plane,  produced  in  Europe. 
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Throughout  Germany,  technical  schools  and  colleges, 
and  trade  schools  are  distributed  so  numerously  that  the 
visitor  from  the  United  States  is  not  only  iinpressed  by  the 
completeness  of  the  system  and  by  its  universality,  but  is 
oppressed  by  the  apprehension  that  his  own  country,  un- 
provided with  such  efficient  and  essential  means  of  giving 
to  the  people  a  good  industrial  education,  and  apparently 
having  few  citizens  who  understand  the  bearing  of  that 
fact  upon  the  future  prospects  of  the  nation,  as  well  as  upon 
the  character  and  attainments  and  upon  the  happiness  and 
prosperity  of  the  people,  is  likely  to  suffer  severely  when,  in 
the  near  future,  direct  competition  with  this  educated  and 
trained  nation  of  artisans  shall  produce  those  sad  conse- 
quences against  which  history  has  over  and  over  again 
warned  us. 

After  their  northern  neighbors  had  inaugurated  the  new 
systems  and  methods  of  education,  the  vSwiss  commenced 
on  a  similar  plan,  and  established  a  noble  school  at  Zurich, 
where  they  placed  some  of  the  greatest  instructors  in  Eu- 
rope, and  opened  their  "  Polytechnicum "  to  the  students 
from  all  parts  of  the  world.*  More  than  one-half  the  pupils 
are  from  other  countries.  The  faculty  consists  of  over  a 
hundred  professors,  assistants  and  private  teachers,  and 
the  number  of  students  is  above  one  thousand. 

In  Great  Britain,  the  government  and  the  people  of  that 
country  have  initiated  trade  schools  and  technical  and  in- 
dustrial instruction  in  a  few  cities,  and  in  connection  with 
such  institutions  as  King's  College,  the  Univ^ersity,  and  the 
Crystal  Palace  Schools,  in  London  ;  Owen's  College,  Man- 
chester;  Trinity  College  and  others. 

American  schools,  so  far  as  developed  in  the  United 
States,  have  been  established,  usually,  by  the  several  States, 
in  compliance  with  an  agreement  entered  into  by  them 
with  the  United  States  Government,  under  the  terms  of  the 
Morrill  Act,  of  1862,  the  "  Land  Grant  Bill." 

Three-quarters  of  a  century  ago,  the  people  of  the  United 
States  entered  upon  one  of  those  periods  of  renaissance  in 

*"  Race  Education."     Sam'l  Royce.     New  York,  1878. 
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education  which,  at  intervals  of  a  few  years,  have  marked 
the  progress  of  educational  work  in  this  country,  and 
"  manual  labor  "  schools  were  established  in  many  places, 
in  which  the  college  course  of  education  was  accompanied 
by  a  course  of  manual  labor,  either  with  or  without  com- 
pensation. A  "  Manual  Labor  Academy  "  was  opened  in  1 829 
at  Philadelphia,  which  was  said  to  be  remarkably 'successful, 
the  students  employing  their  hours  of  rest  from  study  in 
various  kinds  of  bodily  work.  "  Every  invalid  resorting  to 
this  academy  in  the  3'^ear  1830  was  restored  to  health." 

A  number  of  the  States  were  provided  with  such  schools 
by  legislative  action,  and  in  several  others,  private  enter- 
prise did  what  the  State  governments  had  not  done  in  this 
way.  Among  others,  the  Stockbridge  Academy,  in  New 
Jersey,  introduced  this  change  into  its  program,  and 
Gerrit  Smith  secured  a  similar  arrangement  for  New  York 
State  at  Peterboro. 

A  report  to  the  House  of  Representatives  of  Pennsyl- 
vania, in  1832,  indicated: 

(i)  That  the  expenses  of  education  could  thus  be  reduced 
one-half. 

(2)  That  three  hours'  work  per  day  had  an  important 
beneficial  effect  upon  the  health  and  strength  and  in  pro- 
moting good  spirits  among  students. 

(3)  That  it  had  an  equally  useful  effect  upon  the  intellec- 
tual advancement  of  students. 

(4)  That  such  a  system  is  advantageous  in  that  it  aids 
the  impecunious  student  to  obtain  advantages  in  education 
which  are  ordinarily  enjoyed  by  the  rich  only. 

(5)  That  students  thus  trained  make  better  citizens  and 
more  successful  men  than  when  not  thus  physically  trained. 

The  Land  Grant  Colleges  of  the  United  States — of  the 
several  vStates,  rather — are  the  product  of  one  of  the  grand- 
est examjples  of  statesmanlike  legislation  that  the  world  has 
yet  seen — one  second  in  importance  and  fruitfulness  to  no 
act  of  legislation  subsequent  to  the  promulgation  of  the 
Constitution  of  the  United  States.  Like  all  great  enter- 
prises having  for  their  purpose  the  benefit  of  the  people  by 
legislative  enactment,  this  failed  of  complete  success 
Vol.  CXLIX.    No.  890.  8 
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through  the  indifference,  the  folly,  or  the  absolute  stupidity 
-of  many  of  those  public  servants  to  whom  its  operation 
was  entrusted  ;  it  has,  nevertheless,  produced  incalculable 
good,  both  directly,  in  the  foundation  and  partial  suppjort 
of  technical  education,  and  indirectly,  and  very  probably  to 
a  vastly  greater  extent,  through  its  influence  upon  the 
States,  inducing  them  to  take  up  and  carry  on  the  work 
from  the  point  at  which  the  General  (jovernment  left  it. 
It  is  largely  to  this  legislation  that  the  foundation  of  the 
now  numerous  State  universities  is  due,  and  the  organiza- 
tion of  the  systems  of  State  education  which  now  more  or 
less  completely  cover  the  whole  field  from  primary  schools 
to  universities  in  a  large  proportion  of  our  States,  illustrat- 
ing the  scheme  of  a  complete  system  of  wState  education  to 
which  reference  was  made,  and  of  which  the  outline  was 
given  in  the  earlierpart  of  this  discussion,  more  satisfactorily 
than  anywhere  else  outside  of  Germany. 

The  author  of  the  Land  Grant  Bill,  by  which  colleges  of 
the  useful  arts  were  established  in  every  vState  in  the  Union 
at  the  date  of  its  passage,  was  Justin  S.  Morrill,  then  Senator 
from  Vermont,  who  introduced  the  Bill  in  1858,  and  secured 
its  passage  by  a  small  majority,  only  to  see  it  vetoed  by 
James  Buchanan,  then  President  of  the  United  States.  But 
the  statesmen  who  sought  thus  to  perpetuate  the  strongest 
safeguard  of  the  nation,  the  effective  education  of  the  peo- 
ple, lost  none  of  their  interest  or  enthusiasm,  and  persevered 
in  their  plan,  bringing  the  Bill  before  the  next  Congress  and 
the  next,  and  finally  they  had  the  satisfaction  of  seeing  this 
measure  become  a  law  during  the  administration  of  Lincoln 
-and  in  the  midst  of  the  dark  days  of  the  war.  "  The  genius 
of  Lincoln  rose  to  the  occasion.  With  one  hand  he  smote 
off  the  fetters  of  the  slave ;  with  the  other  he  joined  in  a 
splendid  effort  to  subjugate  nature.  On  the  second  of  July, 
1862,  while  the  announcement  of  emancipation  was  still  on 
his  desk,  he  signed  the  Act  of  Congress  donating  public 
lands  for  the  establishment  of  colleges  of  agriculture  and  the 
mechanic  arts." 

In  most  cases  the  States  complied  fully  with  the  terms 
of  the  Act — some  of  them  more  than  completely.     In  the 
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majority  of  the  States  the  funds  were  invested  in  either 
State  bonds  or  in  a  special  bond  made  out  for  this  particular 
purpose  by  the  State  and  deposited  in  its  treasury,  and  the 
returns  were  either  the  prescribed  5  per  cent,  or  something 
more,  in  every  case  except  that  of  the  State  of  New  York, 
which  latter  State  never,  until  compelled  by  the  courts, 
complied  either  in  letter  or  in  spirit  with  the  law.  Maine 
and  Indiana  paid  5  per  cent. ;  New  Hampshire,  Vermont, 
Pennsylvania,  North  and  South  Carolina  and  Ohio  paid  6, 
the  funds  being  paid  into  their  treasuries.  Massachusetts 
was  the  only  State  in  which  the  fund  was  divided,  most 
of  the  State  legislatures  deciding  at  once  and  unhesitatingly 
that  it  would  be  better  to  hold  the  fund  undivided  and  to 
either  give  it  to  some  existing  institution  which  should  com- 
ply with  the  provisions  of  the  grant,  or  founding  an  institu- 
tion, as  Cornell  University,  in  the  State  of  New  York,  in 
direct  compliance  with  the  terms  of  the  law. 

The  following  is  a  summary  of  the  contributions  made 
to  the  cause  of  "  education  of  the  people  by  the  people  for 
the  people  "  from  the  earlier  days  of  the  Republic  :* 

(i)  Lands  by  the  township,  under  Acts  of  1787  and  1800, 
amounting  to  over  1,000,000  acres,  for  the  support  of  State 
universities. 

(2)  A  considerable  but  unascertained  proportion  of  the 
money  surplus  of  $28,000,000  distributed  to  the  States  in 
1836  and  never  recalled. 

(3)  A  portion  of  the  $3,500,000  constituting  the  share  of 
•education  in  the  total  proceeds  of  land-sales  under  the  Per- 
centage Acts  of  1 841  and  later. 

(4)  A  portion  of  the  3,500,000  acres  accorded  by  different 
States  to  education  out  of  the  9,500,000  acres  given  by 
Congress  in  1841  for  internal  improvements. 

(5)  Further  important  sums  not  definitely  known,  from 
the  sale  of  over  50,000,000  acres  of  swamp  lands  disposed 
of  under  provisions  of  the  Act  of  1850,  from  which  source 


*  Blackmar's  Report,  of  1890,  to  the  Bureau  of  Education.  Hoyt's  Report, 
of  1892,  to  the  Senate  Committee  on  a  National  University.  Thurston's 
"Technical  Education  in  the  United  States,"  "Trans.  A.  S.  M.  E.,"  1893. 
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alone  the   University  of  California  is  said  to  have  derived 
important  aid. 

(6)  Revenues  in  a  number  of  vStates  from  the  sale  of 
saline  lands,  with  appropriations  thereof  to  the  support  of 
colleges  of  agriculture  and  the  mechanic  arts. 

(7)  The  more  than  $15,000,000  already  derived  from  the 
lands  accorded  to  States  by  the  Act  of  July  2,  1862,  for  the 
support  of  colleges  and  the  mechanic  arts ;  which  grant 
has  resulted  not  only  in  the  establishment  of  many  im- 
portant technical  institutions,  but  also  at  the  same  time 
in  such  strengthening  of  the  State  universities  that  some 
of  them  are  thus  early  taking  their  places  in  the  foreground 
of  the  great  university  field. 

(8)  The  appropriation  by  Act  of  March  2,  1887,  of  $15,000 
per  annum  to  each  State  for  experimental  purposes  in  aid 
of  scientific  agriculture  in  the  broadest  sense  of  that  term, 
a  yet  further  incidental  reinforcement  of  the  many  State 
universities.* 

(9)  The  aggregate  of  over  $20,000,000  appropriated  for 
the  support  of  the  Military  Academy  at  West  Point  and 
the  Naval  Academy  at  Annapolis. 

(10)  The  establishment,  equipment  and  support  of  the 
Naval  Observatory  and  the  purely  scientific  bureaus  of  the 
Government  at  Washington. 

(11)  The  large  sums  of  money  appropriated  for  the  con- 
venience and  support  of  the  Congressional  and  departmental 
libraries. 

(12)  The  hundreds  of  thousands  expended  in  buildings 
for  the  scientific  museums  of  the  Government,  and  the  more 
than  $3,000,000  a  year  so  wisely  granted  for  their  support. 

Since  the  date  of  this  report,  the  nation  and  various 
States  have  annually  added  hundreds  of  thousands  of  dol- 
lars to  these  great  sums. 

Of  the  now  famous  special  schools,   our  U.  S.   Military 

*  The  State  of  New  York,  as  stated  in  the  message  of  the  Governor,  for 
1892-93,  taught  in  the  public  schools  1,073,093  children  in  the  year  1892,  and 
772,426  were  either  educated  in  private  schools  or  were  not  taught  at  all.  The 
State  expended  in  this  work  121,134,516,  which  was  1865,000  more  than  was 
paid  out,  on  the  same  account,  in  1891. 
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Academy  was  the  first  to  take  form,  founded  as  it  was  in 
1802;  the  Naval  Academy  was  organized  in   1S45  and  both 
have  sustained  a  high  reputation  for  the  excellence  of  their 
curricula  and  the  high  scholarship  of  their  graduates.     The 
first  of  the  independent  schools  privately  endowed  was  the 
Rensselaer    Polytechnic   Institute,  at  Troy,  N.  Y.,  and  its 
success  led   to   the   organization  of  many  other  schools  of 
engineering  in  the  succeeding  generation.     The  Lawrence 
Scientific  School  was   attached   to   Harvard   University  in 
1847  ;  the  Department  of  Civil  Engineering  of  the  Univer- 
sity of  Michigan  was  organized  in  1852;  the  Sheffield  Scien- 
tific   School    was   organized    at    Yale    University  in    1847, 
though  much   earlier  proposed.     The  Massachusetts  Insti- 
tute of  Technology  was  founded  in  1864;  Dartmouth  College 
organized  its  technical  departments  in  185 1  and  the  Thayer 
School  in  1867.     The  Worcester  Polytechnic  Institute  took 
form  in  1868  and  the  Columbia  College   School  of  Mines  in 
1863.     Peter  Cooper  founded  the  Cooper  Institute  in  1854 
as  a-  mixed  educational  and  trade  school  and  especially  for 
the  benefit  of  artisans  and  others  unable  to  attend  regularly 
the   common    and  technical    schools  of   regular  curricula. 
The  Stevens  Institute  of  Technology  (1871)  organized  as  the 
first  American  school  distinctively  and  especially  devoted 
to  the  professional  training  of  mechanical  engineers  and 
for  the  first  time  recognized  that  branch   of  engineering  as 
a   profession.      The   Towne    Scientific    School  of  the  Uni- 
versity  of    Pennsylvania    and    the    technical   departments 
of  Cornell   University  were  organized  m    1868,   and  about 
1885  the  latter  became  recognized   as  colleges   under  the 
university    organization.      Since     1870,    there    have    been 
almost  annually  organized  and  endowed  schools  of  manual 
training,   trade    schools  and    polytechnic  and    professional 
engineering  schools,   until  to-day  every  great   city  is  pro- 
vided with   one  or  more.     Philadelphia    and    Chicago  are 
peculiarly  fortunate    in    this   respect.     Nearly  every  large 
college  or  university  has  nominally,  if  not  actually,  profes- 
sional  and  technical  schools  incorporated  into   its  organiza- 
tion and  the  majority  are   doing  admirable  work  in  these 
directions.     There  are,  to-day,  about  100  reputable  technical 
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and  engineering  schools  in  the  United  States  and  they  an- 
nually graduate  about  1,000  students  into  the  constructive 
professions. 

The  Franklin  Institute  of  the  State  of  Pennsylvania,  in 
its  work  of  promotion  of  the  mechanic  arts,  has  taken  no 
small  part  in  the  development  of  these  modern  systems  of 
evolution  of  the  Miltonian  idea.  During  the  seventy-five 
years  which  have,  to  date,  measured  its  period  of  useful 
life  it  has  performed  an  enormous  amount  of  helpful  work 
in  a  variety  of  ways.*  Its  endeavors  have  always  been 
effective  in  the  union  of  science  with  practice  ;  its  member- 
ship has  always  included  men  of  science  and  men  of  busi- 
ness, educators  and  philosophers  and  great  mechanics;  its 
work  has  always  been  carried  on  in  fields  of  applied  science 
with  every  apparatus  of  instruction,  schools,  lectures,  sys- 
tems of  research,  exhibitions  of  invention  and  construction, 
and  all  methods  of  promotion  of  technical  training  of  young 
and  old,  learned  and  unlearned.  The  names  of  Ronaldson, 
Cresson,  Rogers,  the  Merricks  and  the  Sellers,  of  Bache  and 
Morton  and  Wilson,  Tatham,  Heyl  and  Sartain,  of  Jones  and 
Longstreth  and  Norris  and  Trautwine  and  Houston,  and 
many  others  familiar  to  the  world,  have  adorned  a  catalogue 
of  officers  and  members  such  as  perhaps  can  hardly  be  par- 
alleled in  any  other  State  or  in  any  other  country. 

The  Institute  has  established  and  has  carried  on  all 
these  decades  technical  lectures,  drawing  schools,  even  a  high 
school  for  a  time  ;  it  has  gathered  together  a  very  extensive, 
unique  and  valuable  technical  free  library  and  has  even 
published  scientific  and  practical  treatises,  either  officially 
or  indirectly  ;  it  has  printed,  for  now  over  seventy  years,  its 
Journal  of  the  Franklin  Institute,  complete  files  of  which  have 
been  probably  more  extensively  and  for  a  longer  time  main- 
tained in  the  libraries  and  technical  institutions  of  this 
country  and  of  Europe  than  have  been  those  of  any  other 
existing  publication  of  its  sort  on  either  side  the  Atlantic. 


*  For  a  detailed  account  of  its  work,  see  "  A  Sketch  of  its  Organization  and 
History,"  by  Dr.  Wm.  H.  Wahl,  Secretary  of  the  Institute  ;  published  by  the 
Institute,  1895. 
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It  has  even  longer  maintained  a  "  Committee  on  Science 
and  the  Arts,"  empowered  to  examine  and  report  on  inven- 
tions and  advances  in  the  mechanic  arts  and  applied  sci- 
ences. The  files  of  the  Jojirnal  are  rich  in  contributions  of 
useful  and  extensively  important  matter  from  this  commit- 
tee. Medals  and  premiums  have  been  offered  and  awarded 
for  great' inventions  and  improvements  in  the  arts  and  in 
mechanisms,  and  the  careful  investigation  of  claims  and 
the  selection  of  worthy  objects  of  such  honors  by  the  repre- 
sentatives of  the  Institute  has  been  of  immense  assistance 
in  the  promotion  of  the  highest  material  interests  of  our 
country.  These  gratuitous  services  have  never  been  and 
can  never  be  adequately  appreciated  or  recognized.  These 
committees  and  the  Journal  have  always  been  under  careful 
surveillance  by  the  best  men  of  city  and  State.  The  editor- 
ship of  the  Journal  has  illustrated  this  fact,  for  its  list  con- 
tains the  names  of  Dr.  Thos.  P.  Jones,  Alexander  Dallas 
Bache,  C.  B.  Trego,  Profs.  John  F.  Frazer,  Henry  Morton 
and  Geo.  F.  Barker,  Robert  Briggs,  and  two  periods  of  ser- 
vice are  assigned  to  Dr.  Wm.  H.  Wahl,  the  present  Secre- 
tary and  editor.  The  Committee  on  Publication,  always 
supervising  the  work  with  conscientious  care,  has  consisted. 
also,  of  the  best  men  in  the  membership  of  the  Institute.  It 
may  well  be  doubted  if  any  journal  in  the  world  has  a  richer 
list  of  technical  contributions. 

The  great  exhibition  of  American  manufactures  of  1824 
and  its  successors  have  had  an  immense  influence  in  the 
improvement  of  all  the  arts  and  manufactures  of  our  coun- 
try. In  that  of  1874  more  than  200  silver  and  over  220 
bronze  medals  and  650  diplomas  were  awarded  to  as  many 
deserving  products  of  American  invention  and  skill.  The 
electrical  exhibition  of  1884  probably  did  more  to  show 
what  were  the  prospects  of  the  then  infant  industry  than 
any  other  incident  or  influence  of  the  time.  It  was  the  flrst 
of  its  kind,  and  gave  a  prodigious  impetus  to  that  vocation 
and  those  many  industries  which  are  to-day  grouped  within 
the  special  field  of  electrical  engineering.  The  greatest 
men  of  science,  the  most  famous  mechanics  and  the  ablest 
manufacturers  of  mechanism  found  there  attractions  and 
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impressive  novelties  that  had  hitherto  been  to  them  almost 
undreamed  of.  A  National  Conference  of  Electricians, 
then  necessarily  mainly  composed  of  physicists — for  this 
branch  of  mechanical  engineering  had  not  then  taken  form 
as  a  department  of  construction  or  a  division  of  the  profes- 
sion of  engineering — was  organized,  and  the  officers  of  the 
exhibition  and  this  congress,  together,  laid  the  foundations 
of  the  vast  structure  now  constituting  such  an  imposing 
division  of  our  industrial  system. 

Researches  like  those  described  in  the  report  of  the  com- 
mittee organized  to  investigate  the  theory  and  practice  of 
hydraulic  motor  construction,  in  the  report  on  steam-boiler 
explosions,  still  an  engineer's  classic,  and  in  that  of  the 
committee  investigating  the  strength  of  the  materials  of 
construction,  were  at  once  useful  and  impressive,  A  Weather 
Bureau,  even,  was  organized  in  1843,  and  the  later  State 
weather-service  and  that  of  the  United  States  may  be  fairly 
claimed  to  have  grown  out  of  that  first  work  of  this  kind. 
The  now  universal  system  of  standard  screw-threads  was 
the  product  of  the  studies  of  another  committee,  and  the 
later  investigations  of  water-supply  for  the  city  of  Phila- 
delphia, of  the  efficiencies  of  dynamo-electric  machines  and 
of  the  duration  and  efficiency  of  electric  lamps,  have  con- 
tinued the  early-established  practice  of  the  Institute  into 
our  own  time. 

All  this  enormous  amount  of  work  in  the  promotion  of 
the  useful  arts  and  applied  sciences  has  been  the  voluntary 
service  of  able  men,  and  not  a  dollar  has  been  expended  for 
their  precious  and  invaluable  time  and  thought  and  labor. 
It  may  well  be  doubted  whether  the  history  of  any  country 
or  of  any  institution  gives  nobler  exemplification  of  true 
patriotism. 

The  work  of  this  now  famous  institution  has  not  been 
simply,  however,  in  the  departments  which  have  been  men- 
tioned ;  it  has  done  a  great  work  in  aiding  other  enterprises. 
For  a  century  and  more  this  country,  following  the  lead  of 
its  great  statesmen  of  the  days  of  the  Revolution  and  of 
the  early  period  of  our  existence  as  a  nation,  adopting  the 
principles  so  admirably  expressed    by  Hamilton    and   sus 
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tained  by  Washington,  Jefferson  and  all  their  immediate 
successors,  has  made  the  promotion  of  the  industrial  arts 
a  primary  .business  in  legislation  and  through  executive 
action.  This  policy  has  borne  fruit  in  the  institution  of  a 
remarkably  effective  system  of  patent-law,  in  the  organiza- 
tion of  all  the  essential  manufacturing  industries  and  in 
the  advancement  of  agriculture,  directly  and  indirectly  ; 
supplying  a  home  market  for  its  products  and  giving  it 
machinery  which  harvests  its  grain  at  ten  times  the  rate 
usual  seventy-five  years  ago,  which  transports  it  a  thousand 
miles  at  less  cost  to  the  owner  than  then  for  a  day's  jour, 
ney  to  market,  and  which  opens  the  most  distant  lands  of 
the  trans-Mississippi  region  to  settlement  by  the  sons  of  the 
original  thirteen  States.  In  this  work  the  Franklin  Institute 
has  taken  part,  and  in  no  manner  more  effectively  than  in 
the  inauguration  of  exhibitions  of  the  products  of  industry, 
in  the  assistance  in  many  ways  of  the  managers  of  the 
g^eat  International  Exhibition  of  1876,  and  the  promotion, 
jointly  with  the  Philadelphia  Commercial  Museum,  of  the 
admirable  Philadelphia  Exposition  of  1899. 

The  outcome  of  the  policy  of  Hamilton  has  been  the  suc- 
cessful construction  of  a  great  system  of  domestic  indus- 
tries which,  now  that  it  has  reached  its  period  of  maturity, 
is  not  only  capable  of  supplying  to  our  own  people  the 
cheapest  products,  the  best  products  and  the  most  abundant, 
but  is  also  at  the  same  time  making  compensation  to  its  work- 
ing people  in  the  highest  wages  paid  in  the  world,  giving 
them  the  means  of  buying  more  of  the  comforts  and  the 
luxuries  of  modern  life  than  any  other  people,  while  extend- 
ing the  market  for  the  product  of  each  industry  and  of 
each  producer  by  making  it  possible  for  the  members  of 
every  craft,  and  for  every  individual  earning  wages,  to  buy 
of  every  other  producer.  The  fact  that  it  is  mainly  by  the 
payment  of  high  wages  to  the  wage-earner  that  a  market 
can  be  made  for  every  product  at  best  advantage  has  never 
before  in  the  history  of  the  world  been  so  well  illustrated. 
In  this  great  work  of  promotion  of  the  whole  system  of 
American  industries,  Pennsylvania,  and  especially  Philadel- 
phia,   and    particularly    the    Franklin    Institute,   has    had 
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efficient  part,  and  the  possibility  of  that  novelty — most 
astounding-  to  the  disciples  of  Cobden  and  to  the  practi- 
tioners of  the  Hamiltonian  method  as  well — has  arisen  from 
this  most  successful  and  well-sustained  work  of  the  nine- 
teenth century  in  our  country.  An  "  Export  Exposition  " 
in  the  United  States,  at  the  end  of  a  century  of,  on  the 
whole,  steady  and  consistent  support  of  the  policy  of  up- 
building and  maintenance  of  home  industries,  is  a  lesson 
to  the  world  and  one  which  economists  of  the  ancient  sort 
may  well  study  with  profit.  Free  institutions,  the  patent 
system,  the  protection  of  domestic  trade  and  manufactures, 
the  consequent  growth  of  the  industrial  arts,  and  of  manu- 
factures, the  resultant  provision  of  a  market  for  the  agricul- 
turist, the  marvellous  stimulation  of  invention,  the  growth 
of  a  people  in  intelligence,  ambition,  productivity  and  pros- 
perity, which  have  all  come  of  the  enlightened  policy  of 
the  founders  of  the  nation,  are  admirably  illustrated  at  this 
great  exposition,  the  crowning  glory  of  the  Franklin  Insti- 
tute and  of  the  merchants  of  Philadelphia,  and  may  well 
astonish  the  world. 

Thus  the  "  Franklin  Institute  of  the  State  of  Pennsyl- 
vania for  the  Promotion  of  the  Mechanic  Arts  "  continues, 
after  seventy-five  years  of  good  work,  to  do  its  noble  duty 
more  effectively  each  year.  May  the  work  so  well  begun  in 
our  century  continue  with  increasing  efficiency  for  centuries 
still  to  come  ! 
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The   modern  WARSHIP, 

AS    COMBINING   IN   ITSELF   THE   HIGHEST   RESULTS    OF    SKILL, 
INGENUITY   AND   SCIENTIFIC    KNOWLEDGE. 


By  Rear-Admiral  George  W.  Melvii.le, 
Engineer-in-Chief,  U.  S.  Navy. 


[An  address  delivered  in  Convention  Hall,  National  Export  Exposition, 
Saturday,  October  7,  1899,  on  the  Occasion  of  the  Celebration  of  the 
Seventy-fifth  Anniversary  of  the  Franklin  Institute.] 


Mr.  President,  Ladies  and  Gentlemen  : 

Before  proceeding  to  discuss  the  subject  which  has  been 
assigned  me,  I  desire  to  express  the  great  pleasure  I  feel  in 
being  with  you  on  this  important  occasion,  celebrating  as 
it  does  the  foundation  of  an  institution  which  has  done  so 
much  for  the  advancement  of  engineering  and  the  mechanic 
arts.  As  one  whose  whole  life  from  boyhood  has  been 
spent  in  connection  with  one  of  the  branches  of  engineering, 
I  feel  an  especial  pleasure  at  being  permitted  to  assist  in 
this  celebration.  I  want  also  to  express  my  high  apprecia- 
tion of  the  honor  which  has  been  paid  me  in  asking  me  to 
be  one  of  the  speakers.  I  do  so  with  added  pleasure  from 
the  fact  that  a  great  deal  of  the  work  with  which  I  have 
been  specially  associated  has  been  constructed  here  in  your 
own  city,  and  by  men  much  of  whose  training  in  many 
cases  has  been  due  to  the  Franklin  Institute. 

The  subject  which  has  been  assigned  me  is  one  of  the 
greatest  interest  to  an  engineer,  for  the  modern  warship  is 
the  complete  fruition  and  triumph  of  so  many  branches  of 
the  great  science  of  engineering.  Although  in  the  ultimate 
analysis  we  owe  everything  to  nature,  we  may  well  say 
that  in  the  old  wooden  ships  propelled  by  sails  a  very  large 
proportion  was  due  almost  directly  to  nature,  with  only  a 
minor  part  played  by  the  artisan  and  the  engineer;  while 
in  the  modern  ship,  nature's  part  is  strictly  confined  to  the 
crudest  of  raw  materials,  and  the  finished  product  repre- 
sents,  as  the   title  of  my  remarks  so  well   expresses,   the 
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hig-hest  development  of  skill,  ingenuity  and  science  in 
engineering  and  the  mechanic  arts. 

Under  the  circumstances  of  this  discussion,  we  may  be 
pardoned  if,  in  a  retrospective  consideration  of  the  subject, 
we  limit  our  review  to  steam  vessels,  for  the  reason,  as  I 
have  already  remarked,  that  the  part  of  the  engineer 
(using  that  term  in  its  broad  sense)  in  the  old  sailing  vessels 
was  exceedingly  limited.  We  shall,  by  contrast,  be  enabled 
to  appreciate  more  fully  the  wonderful  entity  which  we  call 
the  modern  warship,  if  we  consider  the  first  one. 

It  will  interest  you  all  very  much,  I  am  sure,  to  know 
that  the  first  steam  war  vessel  in  the  world  was  built  for 
our  navy,  and  was  designed  by  Robert  Fulton,  who  first 
made  steam  navigation  at  all  practicable  ;  and  the  construc- 
tion of  this  vessel  antedated  the  founding  of  this  Institute 
only  about  ten  years.  This  first  vessel  was  called  the 
"  Demologos,"  or  "  Fulton  the  First,"  and  while  of  what 
would  now  be  considered  very  small  dimensions,  was,  never- 
theless, a  wonder  of  the  period.  She  was  156  feet  long,  56 
feet  beam  and  20  feet  deep,  measuring  2,475  tons,  having  a 
single  water-wheel  in  a  central  well,  and  capable  of  steam- 
ing about  six  knots.  The  battery  comprised  twenty  guns 
of  the  largest  size  at  that  date,  a  number  of  them  having 
been  taken  from  a  captured  British  vessel.  The  hull,  of 
course,  was  of  wood,  and  the  boilers  were  of  copper.  She 
was  not  completed  until  just  after  the  termination  of  the 
War  of  18 1 2,  so  that  she  never  saw  any  active  service,  and 
was  blown  up  by  an  explosion  of  her  magazine  in  1829. 

The  next  steam  war  vessel,  also  called  the  "  Fulton,"  and 
completed  in  1837,  was  somewhat  longer  than  the  first 
"  Fulton,"  but  with  less  beam,  and  proved  a  very  successful 
ship  for  the  period,  being  capable  of  steaming  twelve  knots 
per  hour  under  favorable  conditions.  A  most  interesting 
thing  in  connection  with  this  old  vessel  is  the  fact  that  the 
engineer  who  designed  her  machinery  and  superintended 
its  erection  became  her  chief  engineer  when  she  was  com- 
missioned, and  thereby  became  the  first  engineer  in  the 
United  States  Navy.  This  distinguished  gentleman  is  still 
alive  and  in  the  active  practice  of  his  profession.     Doubt- 
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less  many  of  you  will  at  once  know  that  I  can  only  refer  to 
Mr.  Charles  H.  Haswell,  known  to  every  mechanic  in  the 
United  States  as  the  author  of  "  Haswell's  Pocketbook."  I 
think  we  may  all  take  great  pleasure  in  the  thought  that 
this  venerable  and  distinguished  gentleman,  who  is  not 
only  the  Nestor  of  our  profession,  but  one  of  its  chief  orna- 
ments, has  been  spared  to  see  the  growth  of  the  war  vessel 
from  the  original  "  Demologos "  to  our  "  Oregon "  and 
"  Minneapolis,"  and  the  merchant  steamer,  from  the  origi- 
nal "  Clermont  "  to  the  "  St.  Louis  "  and  the  "  Campania." 

After  the  building  of  the  "  Fulton,"  steam  vessels  were 
added  to  the  navy  at  regular  intervals,  each  class  marking 
an  improvement  on  the  preceding  ones,  until  shortly  before 
the  commencement  of  our  Civil  War  we  had  a  class  of  fine 
frigates,  which  in  ordnance,  machinery  and  hull  were  justly 
considered  the  finest  in  the  world. 

The  necessities  of  the  Civil  War,  of  course,  gave  a  tre- 
mendous impetus  to  naval  construction,  and  at  this  period 
we  have  the  beginning  of  the  evolution  of  the  modern  war 
vessel.  In  engineering,  as  applied  to  machinery  and  hulls, 
several  names  stand  out  preeminent  at  this  period,  and  as 
strictly  germane  to  my  theme  I  may  mention  the  work  of 
two  of  them.  The  Engineer-inChief  of  the  Navy  during 
this  period  was  Commodore  Benjamin  F.  Isherwood,  an 
engineer  whose  practical  skill,  ability  as  a  designer  and 
high  scientific  attainments  have  never  been  surpassed. 
One  of  the  problems  which  he  had  to  solve  was  the  con- 
struction of  machinery  which  should  be  thoroughly  trust- 
worthy in  the  hands  of  men  of  very  limited  experience. 
This  led  him,  contrary  to  what  would  ordinarily  be  con- 
sidered good  designing,  but  which,  under  the  circumstances, 
in  my  opinion,  was  consummate  engineering  skill,  to  build 
machinery  very  heavy,  but  which,  as  a  matter  of  fact,  never 
broke  down  and  which  carried  our  guns  to  victory.  In 
those  days,  just  as  in  our  own,  the  "  man  behind  the  gun  '" 
may  be  most  in  evidence,  but  without  the  "  man  behind 
the  shovel "  he  would  never  have  been  able  to  get  within 
range  of  the  enemy. 

The  destructive  career  of  the  "  Alabama  "  had  led  our 


126  Melville:  [J.  F.  I., 

authorities  to  decide  upon  the  construction  of  a  class  of 
vessels  which  should  be  faster  than  any  others  afloat,  in 
order  that  these  commerce  destroyers  might  be  hunted 
down  and  themselves  meet  the  fate  which  they  had  so  often 
dealt  out  to  others.  Here,  again,  Isherwood's  consummate 
skill  and  mastery  of  his  profession  showed  itself.  The 
material  of  the  hulls  was  still  wood,  which  gave  a  platform 
for  the  machinery  altogether  too  flexible  to  permit  of  the 
type  of  engines  which  we  now  use  ;  consequently  he  de- 
signed what  were  known  as  geared  engines,  which  he, 
better  than  any  one  else,  knew  were  extremely  heavy,  but 
the  great  point  is  that  they  enabled  him  to  accomplish  ex- 
actly what  he  set  out  to  do.  The  "  Wampanoag,"  the  first 
of  these  vessels,  in  1868  made  the  unprecedented  record 
of  nearly  seventeen  knots  for  thirty-six  hours  in  a  rough 
sea,  and  for  several  periods  of  six  hours,  seventeen  and 
one-half  knots.  At  that  time  no  other  vessel  in  the  world, 
either  war  or  merchant  steamer,  approached  this  speed 
within  three  knots. 

About  this  time  Mr.  Isherwood  conducted  a  number  of 
experiments  in  connection  with  the  expansion  of  steam, 
and  boldly  enunciated  principles  which  the  rest  of  the 
engineering  world  in  many  cases  denounced  as  erroneous, 
but  which  are  now  accepted  as  fundamental  facts  in  thermo- 
dynamics. This  is  notably  the  case  with  respect  to  cylinder 
condensation,  as  to  which  he  was  the  first  to  enunciate  the 
true  principle. 

Another  great  engineer  became  famous  at  this  time, 
although  he  had  been  doing  splendid  work  and  helping  to 
develop  the  war  vessel  before,  namely,  Captain  John  Erics- 
son. You  all  know  the  story  of  the  first  monitor,  and  it  is 
not  necessary  for  me  to  repeat  it.  I  only  wish  to  remark  as 
apropos  of  my  theme  that  here  was  a  vessel  which  in  hull, 
machinery  and  ordnance  was  the  work  of  engineers,  and 
which  for  that  period  represented  the  highest  embodiment 
of  engineering  skill  and  talent.  It  is  worth  noting  in  this 
connection  that  the  success  of  the  "  Monitor  "  in  her  engage- 
ment with  the  "  Merrimac  "  was  due  almost  entirely  to  the 
skill  of   her  engineers,  Stimers  and   Newton.     They  were 
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thoroughly  familiar  with  every  detail  of  her  machinery, 
which  needed  skill  to  keep  it  in  good  order,  and,  as  is  well 
known,  after  the  accident  to  the  gallant  commander,  Wor- 
den,  Stimers  fought  the  guns  while  Lieutenant  Greene,  the 
executive  officer,  took  command  in  the  conning  tower. 

I  must  not  neglect  to  state  that  splendid  work  during 
this  period  was  done  for  our  ordnance ;  and  the  develop- 
ment of  this  branch  of  engineering,  largely  due  to  the  skill 
and  ingenuity  of  Admiral  Dahlgren,  was  such  that  at  the 
end  of  the  Civil  War  our  naval  guns  were  recognized  as  the 
best  in  the  world. 

There  now  comes  a  period  in  our  naval  history  which,  as 
far  as  actual  results  are  concerned,  may  just  as  well  be 
passed  over,  for  while  our  designers  were  keeping  abreast 
of  the  times,  we  were  not  building  anything  new  in  either 
ships,  guns  or  machinery.  Beginning  with  1883,  however,  a 
new  era  dawned  for  the  navy  and  we  began  the  building  of 
our  White  Squadron,  which  has  so  appropriately  been 
termed  the  "  New  Navy,"  and  in  connection  with  these  new 
ships  I  shall  endeavor  to  go  into  some  details  which  will 
thoroughly  prove  the  correctness  of  the  theme  which  has 
been  given  me  to  discuss. 

What  is  the  problem  that  confronts  the  naval  designer  ? 
The  maximum  of  offense,  combined  also  with  the  maximum 
of  defense,  and  with  a  maximum  of  mobility.  It  is  im- 
portant to  note  the  limitation  upon  the  naval  designer  as 
regards  one  vital  element,  namely,  weight,  for  this  has  far- 
reaching  effects  in  every  feature  of  design,  and  differen- 
tiates in  a  most  marked  way  his  work  from  that  of  a  de- 
signer of  somewhat  similar  works  for  use  on  shore. 

While  it  has  been  aptly  said  that  the  war  vessel  is  a 
"  gun  platform,"  and  it  would  therefore  almost  seem  that 
everything  else  must  be  subordinated  to  securing  a  maxi- 
mum gun  fire,  the  vessel  must  be  prepared  to  withstand  an 
attack  of  an  opponent  of  equal  force,  which  necessitates 
close  attention  to  the  defensive  elements.  Now,  under  the 
very  best  circumstances,  the  weight  of  the  bare  hull  will 
approach  50  per  cent,  of  the  entire  displacement,  which,  as 
you  know,  simply  means  the  weight  of  the  completed  ship 
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with  everything  on  board,  so  that  we  have  left  only  some- 
what more  than  half  of  the  displacement  for  guns,  armor, 
ammunition,  machinery,  coal  and  stores.  The  first  problem 
then  is  to  construct  a  hull  which  shall  safely  carry  all  the 
weights,  and  do  so  with  a  minimum  amount  of  material. 
This  is  a  problem  where  the  skill  and  ingenuity  of  the 
static  engineer,  for  such  the  naval  architect  really  is,  has 
great  room  for  exercise,  and  we  see  it  carried  out  in  the  dis- 
position of  material  in  shapes  which  both  theory  and.  prac- 
tice have  shown  to  give  the  greatest  strength  for  least 
weight.  We  see  it  also  in  the  careful  arrangement  of 
frames,  keelsons,  longitudinal  and  transverse  bulkheads, 
plating  and  deck  stringers,  while  the  protective  deck  (pop- 
ularly supposed  to  be  only  for  keeping  out  projectiles)  also 
becomes  in  the  hands  of  a  skilful  designer  an  important 
element  of  strength. 

The  ship  must  also  be  unsinkable,  or  at  least  as  nearly 
so  as  possible,  and  this  has  led  to  the  subdivision  into 
water-tight  compartments,  and  great  ingenuity  has  been 
displayed  in  devising  schemes  for  water-tight  doors,  which 
are  absolutely  necessary  to  give  access  from  one  compart- 
ment to  another,  but  which,  unless  very  carefully  designed 
and  constructed,  may  in  time  of  need  be  a  source  of  danger 
instead  of  safety.  The  latest  developments  in  protection 
against  submersion  have  taken  the  form  of  a  belt  of  cellu- 
lose, a  material  which,  when  perforated  by  shot  and  ex- 
posed to  water,  immediately  swells  up  and  excludes  a  further 
inrush  of  water. 

Great  skill  and  ingenuity  must  also  be  displayed  in  the 
proper  adjustment  of  weights  to  secure  correct  trim,  and 
this,  in  connection  with  the  form  of  the  ship,  must  be  such 
as  to  give  ample  stability,  combined  with  steadiness  of  gun 
platform.  This  is  an  instance  where  the  modern  war  vessel 
is  a  vast  improvement  on  those  of  years  ago,  when  the 
question  whether  a  ship  would  be  an  easy  or  a  hard  roller 
was  almost  entirely  a  matter  of  luck.  Now  it  is  a  matter 
of  calculation  and  design,  and  the  skilful  naval  architect 
is  able  to  guarantee  a  vessel  which  will  withstand  any 
storm,  be  comfortable  as  regards  motion,  and  provide  a 
steady  platform  for  the  guns. 
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We  may  also  note  in  this  connection  that  the  modern 
vessel  is  a  striking  example  of  what  ingenuity  and  skill  can 
do  to  make  habitable  and  comfortable,  compartments  that 
are  at  best  meager  and  crowded.  We  ordinarily  consider 
.  light,  water  and  air  as  synonymous  with  what  is  free  and 
obtainable  without  effort,  yet  on  the  modern  war  vessel  all 
these  elements  are  due  to  the  skill  of  the  engineer.  In 
place  of  the  tallow  candle  of  our  forefathers,  we  have  the 
electric  light  ;  in  place  of  the  casks  of  water  many  days  old 
and  far  from  palatable,  we  have  absolutely  pure  and  sparkling 
distilled  water — this  distilled  water  has  contributed  enor- 
mously to  the  excellent  health  of  our  crews,  as  was  brought 
to  the  public  attention  in  a  most  marked  way  during  our 
recent  war  with  Spain,  when  the  crews  of  our  naval  vessels 
had  hardly  a  man  on  the  sick  list,  while  the  armies  had 
enormous  numbers  ineffective.  With  its  numerous  bulk- 
heads dividing  it  into  small  compartments,  the  modern 
war  vessel  can  have  no  natural  circulation  of  air,  and  the 
engineer  provides  pure  air  by  artificial  means.  Steam  radi- 
ators also  make  both  officers  and  men  comfortable  in  any 
kind  of  weather. 

As  a  final  item  in  connection  with  this  branch  of  the 
subject,  we  may  mention  the  remarkable  development  of 
scientific  knowledge,  ingenuity  and  skill  in  the  prediction 
and  determination  of  powers  and  speeds  for  large  vessels 
from  experiments  on  small  wax  models.  Here  we  have 
combined  the  work  of  the  mathematician  and  the  physicist 
in  working  out  the  laws  and  formula  involved,  and  the  skill 
of  the  engineer  and  mechanician  in  the  design  and  manipu- 
lation of  the  apparatus. 

Turning  now  to  the  question  of  guns  and  armor,  we  have 
a  most  marked  illustration  of  the  accuracy  of  our  theme. 
At  the  close  of  the  Civil  War  our  guns  were  still  principally 
cast  iron  smooth-bores.  Progress  has  changed  all  this  into 
the  modern  high-powered  steel'  breech-loading  rifle,  weigh- 
ing many  tons,  and  driving  at  immense  velocity  a  projectile 
whose  encounter  with  an  obstacle  may  be  truly  likened  to 
that  of  one  of  Jove's  thunderbolts.  The  stress  coming  upon 
the  metal  in  one  of  these  guns  is  as  great  as  can  possibly 
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be  allowed  with  safety,  and  the  demands  for  greater  powers 
have  called  for  all  the  skill  of  the  metallurgist,  combined 
with  the  ingenuity  and  talent  of  the  engineer,  in  so  dispos- 
ing the  metal  as  to  get  maximum  results  with  minimum 
weights.  The  latest  development  in  these  guns,  consisting 
of  what  is  known  as  the  "  wire-wound  gun,"  is  extremely 
interesting,  as  showing  how  a  form  of  construction,  which, 
at  first  sight,  might  seem  anything  but  the  best,  is  neverthe- 
less the  disposition  of  the  material  which  theory  shows  is 
most  desirable,  and  practice  thoroughly  confirms. 

It  will,  doubtless,  interest  you  to  hear  a  few  figures  of  the 
performance  of  some  of  these  great  guns.  The  latest  au- 
thorities state  that  a  i2-5-inch  breech-loading  rifle,  50  calibers 
long,  and  weighing  83  tons,  will  propel  a  shell  weighing  880 
pounds,  by  a  powder  charge  of  624  pounds,  at  a  velocity  of 
over  2,620  feet  per  second,  giving  an  energy  at  the  muzzle 
of  over  40,000  foot-tons,  capable  of  penetrating  at  the  muz- 
zle over  45  inches  of  iron.  This  energy  means  that  one  of  our 
battleships  of  about  12,000  tons  displacement,  and  which 
could  carry  four  of  these  guns,  would  at  a  single  discharge 
develop  a  power  sufficient  to  lift  her  bodily  nearly  1 5  feet. 
It  can  readily  be  imagined,  therefore,  what  the  effect  of 
a  projectile  from  one  of  these  guns  would  be  when  striking 
another  vessel  at  close  range. 

It  is  an  extremely  interesting  story  to  read  of  what  has 
been  appropriately  styled  the  "duel  between  guns  and  ar- 
mor." As  fast  as  one  is  improved  so  that  its  victory  over 
the  other  seems  assured,  some  inventor  comes  to  the  front 
with  an  improvement  in  the  latter,  which  for  a  time  puts  it 
ahead.  The  armor  on  our  monitors  during  the  Civil  War  con- 
sisted simply  of  a  number  of  i  -inch  plates  bolted  together.  At 
the  present  day,  a  modern  projectile  would  go  through  such 
armor  as  easily  as  a  bullet  penetrates  pine  boards,  but  long 
ago  it  was  discovered  that  a  given  thickness  of  armor  was 
much  more  efficient  if  rolled  in  a  solid  plate,  and  this  was 
developed  until  some  of  the  older  English  battleships  had 
iron  armor  as  thick  as  24  inches.  The  development  of  the 
gun  soon  showed  that  it  was  impossible  to  keep  pace  with 
it  by  mere  additions  to  the  thickness  of  the  simple  armor. 
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for  a  point  was  quickly  reached  where  it  was  impossible  to 
carry  the  necessary  weight  of  armor  that  would  be  thick 
enough.  Then  came  the  use  of  special  plates,  the  com- 
pound armor,  where  a  hard  face  to  break  up  the  projectile 
was  welded  to  a  softer  back  to  give  the  necessary  strength. 
This  was  followed  by  steel  armor,  and  then  by  the  well- 
known  Harvey  process,  which  resembled  the  compound 
armor  in  having  a  hard  face  with  a  softer  back,  but  where 
the  plates  were  made  from  a  single  ingot  without  any  weld- 
ing. The  Harvey  process  enabled  an  enormously  greater 
resistance  to  be  obtained  with  a  given  weight  of  armor,  but 
even  it  has  been  surpassed  by  the  Krupp  process,  which 
enables  12  inches  thickness  to  give  the  same  resistance  as 
15  of  Harveyized  plates. 

In  connection  with  armor  plates  great  skill  and  ingenuity 
has  been  necessary  to  provide  for  giving  them  the  proper 
shape  and  for  enabling  necessary  machine  work  to  be  done 
on  them  after  they  are  in  position,  inasmuch  as  the  harden- 
ing process  makes  it  practically  impossible  to  do  any  work 
on  the  face  of  the  finished  plates  with  ordinar}^  tools.  Here 
an  application  of  electricity  for  giving  a  local  annealing 
where  it  was  necessary  to  work  with  tools  enabled  the  so- 
lution of  this  problem. 

The  work  of  the  artillerist  is  not  confined  to  the  design 
and  manufacture  of  the  guns  and  armor  alone,  but  the  grun 
carriages  are  also  important  features  of  his  work,  and  here 
there  has  been  a  great  display  of  skill  and  ingenuity  in  de- 
vising means  for  the  ready  manipulation  of  these  ponderous 
masses,  and  the  control  of  the  recoil  due  to  the  enormous 
development  of  energy  when  the  gun  is  discharged.  This 
is  true  both  of  the  manipulation  by  hand  and  the  control  of 
the  turntables,  or  turrets,  for  the  larger  guns,  and  the  ease 
with  which  a  turret  and  its  contained  guns,  weighing  sev- 
eral hundred  tons,  can  be  controlled  by  the  movement  of 
a  single  lever  so  that  the  pointing  of  the  gun  is  almost  as 
simple  as  that  of  an  ordinary  musket,  is  really  surprising. 

The  chemist  also  has  had  an  important  part  to  play  in 
connection  with  ordnance  work,  in  the  development  of  pow- 
ders which  would  enable  the  enormous  energy  necessary  to 
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be  developed  with  safety  to  the  structure  of  the  gun.  With 
the  powder  used  during  our  Civil  War  it  would  be  impossi- 
ble to  get  the  results  of  to-day.  The  development  has  been 
through  what  were  known  as  slow-burning  powders  down 
to  the  smokeless  powder  of  the  present,  where  the  saltpetre 
and  charcoal  of  our  ancestors  have  been  displaced  by  the 
combination  resulting  from  the  treatment  of  cotton  with 
nitric  acid.  The  difference  in  the  energy  of  the  ordinary 
slow-burning  powder  and  of  the  smokeless  powder  now  used 
can  be  seen  by  consulting  any  table  where  the  two  are  com- 
pared. One  which  I  recently  examined  showed  that  guns, 
otherwise  practically  identical,  required  with  the  same 
weight  of  projectile  three  times  the  weight  of  ordinary  pow- 
der to  get  the  same  velocity  as  with  smokeless  powder. 

We  must  not  forget,  while  discussing  ordnance,  the  re- 
markable development  of  what  are  known  as  "  quick-firing 
guns."  This,  as  you  know,  is  really  the  adaptation  to  large 
guns  of  the  kind  of  ammunition  and  breech  mechanism  used 
on  the  modern  small  arms,  and  it  has  been  carried  so  far  that 
quick-firing  guns  are  now  made  of  as  large  caliber  as  8-inch, 
giving  a  muzzle  energy  of  over  10,000  foot  tons,  while  the 
number  of  times  the  gun  can  be  discharged  in  a  given  in- 
terval is  about  double  that  of  the  ordinary  breech  loader. 
In  the  smaller  sizes  of  these  quick-firing  guns  the  rapidity 
of  fire  is  almost  incredible,  and  I  remember  being  particu- 
larly struck  by  the  results  of  repeated  trials,  showing  that  it 
was  possible  from  a  six-pounder  to  have  five  projectiles  in 
the  air  at  once- 
More  than  a  quarter  of  a  century  ago  what  are  known  as 
machine  guns  were  introduced  ;  that  is,  weapons  of  small 
caliber  approximating  to  that  of  ordinary  small  arms  and 
slightly  larger,  were  so  arranged  that  the  ammunition  could 
be  fed  almost  continuously  and  the  rapidity  of  fire  be  so 
great  that  a  single  weapon  would  be  equal  to  a  company  of 
soldiers.  As  you  are  doubtless  aware,  the  Gatling  gun  was 
the  earliest  of  these.  These,  too,  have  been  developed  dur- 
ing the  intervening  years,  until  it  would  seem  that  finality 
has  almost  been  reached  in  the  Maxim  gun,  where,  when 
once  started,  it  continues   to  discharge   itself  by  the  effect 
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of  its  own  recoil,  until  the  old  figure  of  "  iron  rain  and 
leaden  hail  "  becomes  a  simple  matter  of  fact.  The  Maxim 
gun  will  fire  600  shots  per  minute  from  a  caliber  of  0*45 
inch  or  less. 

We  come  now  to  the  machinery  of  the  modern  vessel, 
and  I  trust  that  you  will  pardon  me  if  I  go  into  greater 
detail  here,  because  this  is  my  own  special  field  and  one 
in  which  it  has  been  my  lot  to  have  been  intimately  associated 
with  the  construction  of  our  new  fleet.  Here,  more  than 
almost  anywhere  else  in  the  war  vessel,  the  constant  de- 
mand has  been  for  greater  power  on  less  weight,  and  at  the 
same  time  the  demand  has  also  been  for  thoroughly  reliable 
machinery  that  would  also  be  economical. 

Progress  has  been  so  rapid  that  it  sometimes  seems  that 
we  hardly  have  time  to  get  out  a  design  as  nearly  perfect  as 
possible  and  see  it  thoroughly  tested  in  service  before  im- 
provements have  been  suggested  that  render  what  appeared 
so  perfect  relatively  obsolete. 

Shortly  before  I  became  Engineer-in-Chief  of  the  Navy, 
forced  draught  had  been  re-introduced,  after  many  years  of 
disuse.  This  at  once  gave  an  enormous  increase  of  boiler 
power  with  a  very  slight  increase  of  weight,  due  to  the 
burning  of  a  much  larger  amount  of  coal  on  a  given  grate 
surface.  The  shell  boiler  was  developed  until  its  design 
seemed  nearly  perfect,  but  we  were  confronted  with  the 
problem  of  getting  plates  sufficiently  thick  to  withstand 
the  increasing  steam  pressures  in  the  large  boilers  and  still 
be  able  to  properly  work  the  plates  in  our  shops.  The 
weight  of  these  boilers  was  always  very  great  for  the  power 
developed,  and  in  the  large  sizes  which  they  had  reached, 
the  utmost  skill  was  necessary  for  their  proper  care  and 
maintenance.  Shortly  before  the  time  had  come  when 
further  progress  with  the  shell  boiler  seemed  impossible, 
the  water-tube  boiler  was  developed  to  such  a  point  that  it 
gave  us  the  necessary  solution  of  the  problem,  and  it  now 
seems  quite  certain  that,  for  some  time  to  come  at  least,  the 
boiler  problem  has  resolved  itself  into  a  determination  of 
the  best  form  of  water-tube  boiler,  inasmuch  as  we  are  sure 
we  can  construct  boilers  which  will  withstand  any  pressures 
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that  are  likely  to  be  used  and  which  are  satisfactory  in  every 
other  respect.  These  boilers  offer  almost  absolute  safety 
against  disastrous  explosion,  afford  a  great  reduction  in 
weight,  and  are  built  to  withstand  comparatively  rough 
treatment  as  far  as  heat  is  concerned,  thus  giving  freedom 
from  such  troubles  as  leaky  tubes  and  leaky  seams,  to  which 
large  shell  boilers  were  very  liable. 

The  demand  for  reduction  of  weights  in  the  engines  has 
been  met  by  the  use  of  stronger  materials,  and  also  their 
disposition  in  shapes  where  a  given  weight  of  material  offers 
the  greatest  resistance.  We  thus  have  steel  castings  to 
replace  cast  iron ;  hollow  forgings  of  oil-tempered  steel,  and 
the  use  of  bronzes  of  double  the  strength  of  the  older  com- 
positions. Besides  the  greater  strength  of  the  materials, 
just  as  important  an  item  is  their  much  greater  relia- 
bility. Our  manufacturers  to-day  can  furnish  us  with 
forgings  as  to  which  we  know  that  the  results  obtained  on 
test  pieces  will  be  absolutely  true  of  every  part  of  the 
whole  mass. 

Weights  have  also  been  greatly  reduced  by  using  en- 
gines which  run  at  much  greater  speeds  than  formerly 
obtained.  This  seems  a  sufficiently  simple  matter,  and  yet 
it  was  not  possible  until  the  improvement  came  in  materials,^ 
combined  with  an  accurate  scientific  knowledge  of  some  of 
the  questions  confronting  the  marine  engineer,  which  had 
formerly  been  solved  almost  by  rule  of  thumb.  This  is 
notably  the  case  with  propeller  design,  for  it  was  the  mis- 
taken notions  on  this  point  that  really  held  down  the  engine 
speeds.  Inasmuch  as  the  whole  office  of  the  motive  ma- 
chinery is  to  turn  the  propellers,  it  might  seem  that  it  would 
be  necessary  to  design  the  propeller  first  and  make  every 
thing  else  to  suit  it ;  but  fortunately,  now  that  we  have 
accurate  scientific  knowledge  of  the  conditions  governing 
propeller  design,  we  know  that  the  propeller  can  be  arranged 
to  suit  almost  any  speeds  found  desirable  for  the  engines^ 
and  this  enables  us  to  choose  engine  speeds  which  will  give 
us  both  lighter  and  more  economical  ones  than  were  pos- 
sible in  olden  days. 

A  problem  in  the  design  of  engines  for  war  vessels,  which 


Feb.,  1900.]  The   MoJcni    Warship.  1 35 

is  of  considerable  difficulty,  and  the  solution  of  which  is  not 
yet  thoroughly  satisfactory,  is  that  of  securing  economical 
results  at  ordinary  cruising  speeds,  with  the  capacity  for  the 
power  necessary  at  maximum  speeds.  As  you  are  doubtless 
aware,  the  power  necessary  to  drive  a  vessel  varies  approxi- 
mately as  the  cube  of  the  speed,  so  that  if,  as  is  ordinarily 
the  case,  the  cruising  speed  is  about  half  the  maximum,., 
the  power  to  be  developed  is  one  eighth  or  less  of  the  max- 
imum. As  was  very  cleverly  expressed  by  one  of  my  former 
assistants  (Professor  Hollis)  some  years  ago,  the  problem 
is  like  that  of  having  a  beast  of  burden  whose  maximum 
power  will  be  that  of  an  elephant,  but  whose  appetite  is  so 
adjustable  that  he  could  be  economically  used  for  work 
which  could  be  performed  by  a  donkey.  You  well  know 
that  an  elephant  would  eat  about  the  same  whatever  work 
he  was  doing,  and  while  this  is  not  exactly  true  of  a  steam 
engine,  it  nevertheless  is  true  that  its  economy,  when  worked 
at  powers  which  are  so  small  a  percentage  of  the  maxi- 
mum, is  very  much  reduced.  In  some  of  our  ships  we  have 
tried  to  solve  this  bv  arranging  two  sets  of  engines  on  each 
shaft,  so  that  at  the  moderate  powers  the  forward  set  can 
be  uncoupled.  The  ill-fated  "  Maine  "  had  an  arrangement 
whereby  the  large  cylinders  of  her  triple  expansion  engines 
could  be  disconnected,  leaving  the  engines  to  run  as  smaller 
compounds  at  cruising  speeds.  A  somewhat  similar  ar- 
rangement is  in  use  on  the  "  Nashville,"  where  the  large 
cylinder  of  a  quadruple  expansion  engine  can  be  thrown 
out.  leaving  a  triple  expansion  for  lower  powers.  The  ob- 
jection to  all  of  these  is  that,  if  it  becomes  necessary  in  an 
emergency  to  get  full  power,  it  is  often  impossible  to  stop 
to  couple  up.  This  was  exemplified  in  a  marked  way  in 
the  case  of  the  "  Brooklyn  "  during  the  fight  at  Santiago. 
She  was  cruising  with  her  after  engines  only  when  Cervera's 
fleet  came  out,  and  it  was  felt  that  there  was  not  time  to 
stop  to  couple  up,  which  would  have  necessitated  from 
twenty  minutes  to  half  an  hour.  The  distribution  of  the 
power  among  more  than  two  shafts  offers  another  solution, 
which  was  used  on  the  "  Columbia  "  and  "  Minneapolis." 
Personally,  I  believe  that   this  system,  if  properly  carried 
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out,  would  be  entirely  satisfactory,  but  it  would  involve 
the  use  of  the  center  screw  only  for  ordinary  cruising-,  and 
a  ship,  as  you  doubtless  know,  is  not  so  handy  with  one 
screw  as  with  two.  Our  latest  design  to  meet  the  desire 
to  use  two  screws  and  still  get  relatively  small  engines  for 
cruising  speeds  is  to  use  three  screws  but  make  the  engine 
driving  the  center  one  half  the  total  power,  leaving  each  of 
the  wing  screws  to  develop  only  a  quarter  of  the  full  power. 
We  have  not  as  yet  built  any  vessels  on  this  plan,  so  that, 
while  theoretically  we  have  every  reason  to  anticipate  entire 
success,  it  has  not  as  yet  been  tried  in  practice. 

A  very  interesting  illustration  of  the  application  of 
ingenuity  and  scientific  knowledge  is  the  method  adopted 
for  balancing  the  engines  so  as  to  avoid  vibration  of  the 
hull.  As  engine  speeds  and  hull  dimensions  increased, 
there  came  a  combination  of  circumstances  causing  exces- 
sive vibration  of  the  hull  due  to  unbalanced  inertia  stresses 
of  the  reciprocating  parts  of  the  engines.  The  solution  is 
a  very  simple  adaptation  of  a  type  of  engine  desirable  for 
other  reasons  with  a  special  arrangement  of  crank  angles 
and  weights  of  reciprocating  parts.  The  adoption  of  the 
steam  turbine  has  also  been  suggested  to  accomplish  this 
same  object,  and  turbines  have  been  employed  on  some  tor- 
pedo boats.  With  certain  very  promising  features,  there 
are,  however,  some  great  disadvantages,  and  before  the 
steam  turbine  becomes  a  formidable  rival  of  the  ordinary 
type  of  engine  an  enormous  amount  of  skill  and  ingenuity 
must  be  exercised,  and  the  lines  along  which  they  can  act 
are  not  yet  apparent. 

I  have  already  referred  to  the  three  vital  elements  in 
warship  design  as  offense,  defense  and  mobility,  and  the 
best  combinations  of  these  features  to  secure  maximum  re- 
sults tax  the  judgment  and  experience  of  the  designer,  as 
well  as  his  skill  and  ingenuity.  If  time  permitted,  it  would 
be  of  the  greatest  interest  to  show  how  the  necessity  of 
maximum  results  in  particular  items  has  given  us  special 
classes  of  vessels.  Thus  in  the  battleship,  which  must  give 
and  take  heavy  blows,  mobility  or  speed  has  been  sacrificed, 
while  in  the  armored  cruiser  both  guns   and  armor  have 
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been  reduced  to  secure  high  speed.  In  the  torpedo  boat, 
speed  is  absolutely  vital  and  everything  else  is  sacrificed  to 
it.  The  tendency  just  now  seems  to  be  along  the  line  of 
having  only  one  class  of  armored  vessels  which  will  be 
very  powerful  armored  cruisers  with  good  armor  protection 
and  high  speed.  This  means  a  vessel  of  about  12,000  to 
14,000  tons  displacement,  with  8  to  10  inches  of  Krupp 
armor,  a  battery  of  lo-inch  rapid-fire  guns,  and  a  speed  of 
about  twenty  to  twenty-one  knots. 

We  have  now  given  a  hasty  glance  at  the  principal  ele- 
ments of  the  modern  war  vessel,  although  I  regret  that  the 
limited  time  at  my  command  has  forbidden  the  considera- 
tion of  many  features  which  could  not  have  failed  to  be  of 
interest  to  you,  such  as  the  workshops  on  board  where  the 
necessary  routine  repairs  are  made  to  keep  the  great 
machine  in  working  order ;  the  electric  installation  for 
lighting  the  various  portions  of  the  ship  and  providing  the 
searchlights;  the  elaborate  drainage  system  with  the  neces- 
sary pumps ;  and  the  torpedoes,  with  their  wonderfully 
intricate  and  delicate  machinery,  which  is  so  arranged  as  to 
work  automatically  after  being  discharged  from  the  ship,  in 
a  way  that  would  seem  to  indicate  human  control  at  every 
moment.  I  trust,  however,  that  you  will  have  heard  enough 
to  satisfy  you  that  the  theme  of  my  remarks  is  fully  borne 
out  by  the  facts  which  have  been  adduced. 

The  truth  is  that  in  every  department  of  life  there  has 
been  a  tremendous  advance,  due  to  the  exercise  of  skill,  in- 
genuity and  scientifi.c  knowledge,  with  which  the  modern 
war  vessel  has  thoroughly  kept  pace.  A  moment's  reflec- 
tion would,  of  course,  make  it  very  clear  to  us  that  it  would 
be  impossible  to  build  war  vessels  such  as  we  now  possess 
unless  there  had  been  a  corresponding  development  in  every 
other  manufacturing  industry.  Governor  Roosevelt,  when 
Assistant  Secretary  of  the  Navy,  touched  upon  a  very  im- 
portant matter  connected  with  this  subject  in  discussing 
what  was  known  as  the  "  Personnel  Bill."  In  comparing 
the  development  of  naval  science  to  the  point  where  it  be- 
came necessary  for  every  officer  in  the  navy  to  be  an 
engineer,  so  that  it  is  necessary  for  the  modern  admiral  to 
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know  man)''  things  of  which  our  great  Farragut,  for  ex- 
ample, was  ignorant,  he  said  that  it  would,  of  course,  re- 
quire vastly  greater  skill  to  handle  the  complicated  mechan- 
ism which  the  modern  war  vessel  is,  than  one  of  the  old 
ones,  but  that,  just  as  we  had  always  been  able  to  produce 
competent  men  to  handle  the  less  complicated  vessels  of 
former  times,  so  without  doubt  we  would  get  competent 
men  to  handle  those  of  to-day.  He  had  learned  the  fact 
that  the  modern  warship  is  a  vast  engine,  and  to  be  properly 
controlled  must  be  handled  by  engineers.  Congress  has  in 
the  Personnel  Bill  provided  and  directed  that,  as  soon  as  we 
can  make  the  necessary  arrangements,  every  officer  in  the 
navy  charged  with  the  handling  of  a  vessel  shall  be  a  trained 
engineer,  and  therefore  we  may  be  sure  that  however  com- 
plicated and  delicate  the  organisms  of  the  machine  become, 
we  shall  have  officers  who,  by  education  and  experience,  are 
fitted  to  properly  care  for  the  valuable  and  delicate  ma- 
chines entrusted  to  them. 

I  have  had  a  part  in  two  wars,  in  both  of  which  the 
navy  played  an  important  part  and  became  dear  to  the 
people,  and  I  have  also  passed  through  the  intervening 
interval,  during  much  of  which  the  navy  seemed  to  be 
entirely  forgotten.  I  sincerely  trust  that,  as  the  late  war 
showed  we  know  not  only  how  to  build  good  ships,  but  also 
to  make  them  go  and  to  fight  them,  our  fellow-citizens  in  civil 
life  will  see  to  it  that  the  navy  is  maintained  in  a  state  of 
the  highest  efficiency,  both  as  to  personnel  and  material, 
ever  ready  for  efficient  use  when  needed.  In  this  work, 
which  on  both  sides  is  a  matter  for  engineers,  this  Institute 
has  a  vital  interest,  and  I  trust  that,  just  as  your  influence 
has  for  seventy-five  years  been  on  the  side  of  the  general 
advancement  of  engineering  in  the  mechanic  arts,  so  it  will 
be  on  the  side  of  their  advancement  in  the  navy. 
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The  pressing  of  STEEL:  with  ESPECIAL  REFER- 
ENCE TO  ECONOMY  IN  TRANSPORTATION.  (LOSS.) 


DISCUSSION. 
Concluded  from  page  40. ) 


Mr.  Loss  : — In  replying  to  the  criticisms  of  Messrs. 
Christie  and  Lewis,  I  desire  to  say  that  their  main  argument 
referring  to  the  small  power  necessary  for  punching  as 
compared  to  that  required  for  shearing — all  as  indicated  by 
the  experiments — is  one  that  demands  careful  attention 
and  thought. 

When  the  first  efiforts  showed  up  this  extraordinary  re- 
sult, I  could  not  myself  believe  their  correctness,  and  in 
my  desire  to  find  the  truth,  I  discarded  the  entire  operating 
mechanism,  building  in  its  stead  a  complete  new  device  ; 
but  the  results  were  identical. 

It  is  difficult  to  analyze  the  flow  in  punching.  There  is 
a  very  distinct  side  movement  of  the  particles  of  the  metal 
before  any  direct  severing  takes  place.  This  fact  was  es- 
tablished some  years  ago  by  Messrs.  Hoopes  and  Townsend, 
of  Philadelphia,  when  punching  if  inches  thick  material 
with  a  ^-inch  punch,  resulting  in  a  punching  of  a  thickness 
of  W  inch.  The  major  part  of  the  difference  represented 
side  flow.  For  thinner  plates  this  flow  is  proportionately 
ver}'  much  less,  but  it  still  exists. 

And  again,  the  quicker  the  punching  process,  the  less  is 
the  flow  and  the  greater  is  the  power  required. 

Taking  it  all  in  all,  I  km  exceedingly  glad  that  these  re- 
sults have  been  laid  before  the  Institute,  as  I  feel  sure  that 
the  careful  investigation  which  this  subject  will  now  receive 
from  its  members  will  result  in  establishing  the  absolute 
truth,  whatever  this  may  be. 

It  is  gratifying  to  find  Mr.  Lewis  corroborating  me  in 
my  assertion  that  practical  shear  is  after  all  only  resistance 
to  flexure. 

Regarding  his  reference  to  the  relation  between  energy 
and  thickness  of  plate  in  punching,  let  me  simply  state  that 
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the  indicator  cards  were  marked  as  they  are,  independently 
of  any  positive  assumed  relations. 

These  particular  experiments  were  just  recently  made, 
and  hence  any  mathematical  deduction  had  not  as  yet  been 
undertaken. 

Referring  to  the  greater  energy  required  in  shearing 
with  flat  knives  as  compared  to  the  results  from  those  hav- 
ing the  blades  set  at  an  angle,  the  indicator  cards  are  all  so 
unanimous  as  to  leave  no  doubt  about  this  general  law. 

The  greater  ultimate  with. the  flat  knife  is  sufficient  to 
more  than  make  up  for  the  shorter  cutting  stroke  made 
by  this  particular  knife,  as  compared  to  the  beveled  one. 

The  power  required  to  shear  a  rectangular  bar  with  flat 
knives  varies  directly  with  the  thickness.  Of  this  there  is 
no  doubt.  As  to  my  reasons  for  the  formula  for  the  ulti- 
mate for  steel  angles,  I  shall  simply  refer  to  my  article  on 
this  subject  in  The  American  Engineer  and  Railroad  Journal, 
May,  1893,  where  it  is  covered  fully.  There  is,  however,  a 
certain  unknown  factor  connected  with  this  particular  part 
of  my  work,  but  whether  right  or  wrong,  an  intelligent  dis- 
cussion requires  the  consideration  of  the  data  given  in  the 
above-mentioned  article. 

As  truly  said  by  Mr.  Lewis,  any  one  of  the  detailed  sub- 
jects considered  here  to-night  could  form  a  profitable  topic 
for  an  evening's  discussion,  and  I  sincerely  trust  that  my 
fellow-members  of  the  Institute  will  help  and  co-operate 
with  me  in  the  work  which  I  have  undertaken,  and  which 
to  date  has  been  only  partly  completed. 


ERRATA. — Journal  Frankun  Institute  (December,  1899). 

Page  462,  line  35,  for  "  six  to  seven,"  read  eight  to  ten. 

Page  465,  line  24,  for  "  2,500°,"  read  1,800°  to  2,000°. 

Page  465,  line  27,  for  "  1,800°, "  read  1,400°  to  1,600°. 

Page  467,  line  33,  for  "  2  inches,"  read  lyi  inches. 

Page  467,  line  37,  for  "  Energy  per  square  inch,"  read  Energy  in  foot- 
pounds per  inch  of  width  of  bar. 

Page  468,  in  table  at  top  of  page,  for  "  inch-pounds,"  7-ead  foot-pounds. 

Page  468,  first  line  of  text,  for  "  2,"  read  lyi- 

Page  468,  paragraph  3,  for  "The  energy  per  square  inch  in  foot-pounds," 
read  The  total  energy  in  foot-pounds. 

Page  472,  line  6,  for  "  our  work,"  read  the  works  of  The  Pressed  Steel  Car 
Company. 
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ICE  BREAKERS  in  POLAR  EXPLORATION. 


By  Edwin  Swift  Bai,ch. 


PoLir  exploration,  if  divided  in  accordance  with  the  ships 
employed,  may  be  classified  into  three  periods.  The  first 
covers  four  centuries,  from  the  great  voyage  in  1 596  of  the 
pioneer,  Willem  Barentz,  of  Holland,  to  the  building  of  the 
"  Pram."  During  this  period,  ships  were  almost  defenseless 
against  the  Arctic  ice,  and  when  they  were  pushed  into  it, 
they  practically  lost  all  means  of  independent  locomotion, 
even  after  the  advent  of  steam.  They  would  be  crushed  or 
stay  on  top,  in  accordance  with  the  movements  of  the  ice, 
and  in  utter  disregard  of  the  wishes  of  the  men  on  board. 
Curiously  enough,  however,  no  one  seems  to  have  given 
any  thought  to  the  models  of  ships  for  polar  exploration. 
Any  old  ship  was  considered  suitable  for  the  purpose,  after 
she  had  received  some  extra  strengthening.  Whaling  and 
sealing  vessels  were  not  constructed  on  the  best  lines  to 
resist  ice  pressure,  for  their  main  object  was  to  permit  the 
stowage  of  large  quantities  of  oil.  Experience  gradually 
fostered  the  belief  that  no  ship  could  be  devised  strong 
enough  to  resist  a  real  pressure  from  the  ice  in  the  winter 
months,  even  if  it  might  be  fortunate  enough  to  escape  in 
the  summer  ones. 

The  second  period  begins  and  ends  with  the  voyage  of 
the  "  Pram."  This  reversed  all  previous  notions  on  the  sub- 
ject, and  proved  conclusively  that  a  ship  can  be  built  of 
sufficient  defensive  power  against  ice  floes,  to  drift  in  safety 
across  the  Arctic  Ocean.  The  "  Pram  "  was  designed  *  with 
the  idea  of  making  "  the  shape  of  the  hull  such  as  to  offer 
as  small  a  vulnerable  target  as  possible  to  the  attacks  of 
the  ice ;  "  and  to  build  her  "  so  solidly  as  to  be  able  to  with- 
stand the  greatest  possible  pressure  from  without  in  any 
direction  whatever."     To    accomplish    these  aims,  she  was 

*  "  Farlhest  North,"  by  F,  Nanseu,  Vol.  I. 
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built  with  extremely  sloping  sides,  which  enabled  her  to 
rise  in  response  to  every  increase  of  ice  pressure.  When 
the  pressure  became  great,  the  "  Fram  "  was  lifted  by  the 
ice  and  rode  on  top  of  it ;  until,  with  a  diminution  of  the 
pressure,  the  weight  of  the  ship  caused  her  to  settle  down 
again. 

The  third  period  may  be  said  to  begin  with  an  address 
delivered  sometime  in  1898,  before  the  Russian  Geographi- 
cal Society,  by  Vice-Admiral  Makaroff,  of  the  Imperial 
Russian  Navy,  in  which  he  proposed  to  reach  the  pole  by 
means  of  ice  breakers.  An  abstract  of  his  paper  was  pub- 
lished in  the  Geographical  Journal  for  October,  1898.  He 
succeeded  in  having  a  large  ice  breaker  built,  not  for  Arctic 
travelling,  but  for  commercial  purposes,  and  the  story  of 
this  ice  breaker  is  told  at  length  in  the  Geographical  Journal 
for  January,  1900. 

The  "Yermak"  was  built  in  England  by  Armstrong, 
Whitworth  &  Co.,  according  to  the  designs  of  Admiral 
Makaroff.  She  was  intended  to  clear  the  way  in  winter 
time  through  the  ice  to  the  port  of  St.  Petersburg,  and  in 
summer  time  to  help  the  navigation  to  the  Siberian  rivers 
flowing  into  the  Kara  Sea,  barricaded  by  ice  almost  during 
the  whole  summer.  She  is  a  steel  ship,  with  a  double  bot- 
tom and  double  sides,  and  is  divided  into  forty-eight  com- 
partments. She  is  305  feet  long,  and  71  feet  broad.  With 
3,000  tons  of  coal  aboard,  her  displacement  is  8,000  tons,  and 
in  this  condition  she  draws  25  feet.  Her  bow  is  inclined  70° 
from  the  vertical ;  her  stern  is  65°,  and  her  sides  are  20° 
from  the  vertical.  In  whichever  direction  she  moves  in  the 
ice,  she  is  bound  to  rise  on  it  and  break  it  with  her  weight. 
She  has  four  engines,  working  four  independent  propellers, 
one  in  front  and  three  at  the  stern.  Each  engine  develops 
2,500  horse-power,  so  that  the  total  for.ce  of  the  engines  is 
10,000  horse-power.  Each  propeller  is  supplied  with  an 
extra  auxiliary  engine,  so  that  the  main  engine  can  be 
disconnected  if  necessary;  this  was  meant  to  save  fuel 
under  certain  conditions. 

The  "  Yermak's  "  maiden  voyage  was  from  Newcastle  to 
St.  Petersburg  in  the  winter  time,  on  which   occasion  she 
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forced  her  way  with  ease  through  160  miles  of  ice.  In  June, 
1899,  under  the  command  of  Admiral  MakarofT,  she  was 
given  a  trial  in  the  polar  ice  west  of  Spitsbergen. 
After  this,  she  steamed  back  to  Newcastle,  where  she  was 
strengthened  and  the  forward  propeller  taken  out.  On 
August  6th,  she  again  entered  the  polar  ice  north  of  Spits- 
bergen. This  time  she  was  in  the  ice  two  weeks,  "  covering 
in  that  period  230  miles  in  eighty-seven  hours." 

No  attempt  was  made  at  exploration,  although  it  is  be- 
lieved that  land  was  discovered  to  the  northeast,  as  evi- 
denced by  the  refraction  of  the  air.  The  time  was  devoted* 
to  studying  the  ice,  the  ship  herself,  and  her  behavior  in 
the  ice.  The  trip  was,  in  fact,  a  shipbuilder's  trial  trip. 
In  heavy  ice,  where  there  was  considerable  pressure,  it  took 
four  hours  to  make  2  miles.  In  moderately  thick  ice,  the 
ship  made  2\  miles  or  more  an  hour.  It  was  found  that  the 
conditions  of  the  ice  were  so  different  in  the  Baltic  and  in 
the  Arctic,  that  to  get  the  best  results  in  the  latter,  a  special 
ship  would  have  to  be  constructed.  Admiral  Makarofif  came 
to  the  conclusion  that  strength  of  construction  was  the 
main  point  and  that  even  the  "  Yermak  "  was  not  strong 
enough,  but  that  the  engine  power  could  be  reduced  without 
disadvantage  ;  in  fact,  he  thought  2,500  horse-power  would 
be  sufficient  for  fairly  good  progress  through  the  ice.  The 
room  gained  by  reducing  engine  power  could  be  utilized  to 
carry  more  fuel,  and  about  this  it  was  also  concluded  that 
liquid  fuel  would  be  preferable  in  all  respects  to  coal. 

These  experimental  voyages  of  the  "Yermak"  prove 
conclusively,  what  was  never  suspected  before,  that  a  vessel 
may  be  constructed  of  sufficient  offensive  power  and  suffi- 
cient defensive  power  to  force  her  way  through  the  Arctic 
pack.  The  problem  of  how  to  penetrate  the  unknown  re- 
gions of  the  Arctic  and  of  the  Antarctic  appears  solved  at 
last.  It  means  discarding  the  old  methods  of  wooden  ves- 
sels, sledges,  dogs,  etc.,  wherever  the  sea  extends  and  adopt- 
ing the  resources  of  the  modern  naval  engineer,  of  steel, 
steam  and  electricity.  The  change  is  complete,  and  the 
results  may  prove  a  lasting  benefit  to  scientific  geography. 
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{Proceedings  of  the  atinital  meeting  lield  Wednesday,  January  //,  /goo.) 

Haix  of  the  Franklin  Institute, 

Philadelphia,  January  17,  1900. 

President  John  Birkinbink  in  the  chair. 

Present,  92  members  and  visitors. 

Additions  to  membership  since  last  report,  18. 

The  annual  reports  of  the  Board  of  Managers  and  of  the  several  commit- 
"tees  were  presented  and  accepted.     (See  Appendix. ) 

Mr.  Daniel  Baugh  was  elected  to  fill  the  vacancy  in  the  Board  of  Managers 
caused  by  the  resignation  of  George  Vaux,  Jr. 

The  Rev.  Henry  C.  McCook,  D.D.,  was  elected  as  an  honorary  member  of 
the  Institute,  on  the  recommendation  of  the  Board  of  Managers. 

A  letter  was  read  by  the  Secretary  from  Hon.  Abram  S.  Hewitt,  acknowl- 
edging his  election  as  an  honorary  member  of  the  Institute. 

The  tellers  of  the  annual  election  reported  the  votes  cast  at  the  election  ; 
whereupon  the  President  declared  the  following  gentlemen  elected  to  the 
offices  for  which  they  were  nominated,  viz.: 

For  President  (to  serve  one  year) John  Birkinbine. 

"     Vice-President  (      "        three  years) Theo.  D.  Rand. 

"     Secretary  (       "         one  year) Wm.  H.  Wahl. 

"     Treasurer  (      "  "        ) Samuel  Sartain. 

"     Auditor  (      "        three  years)      ....  Wm.  O.  Griggs. 

For  Managers  (to  serve  three  years). 

Arthur  Beardsley,  H.  W.  Jayne, 

Henry  C.  Brolasky,  Lawrence  T.  Paul, 

James  Christie,  Horace  Pettit, 

F.  Lynwood  Garrison,  Otto  C.  Wolf. 

For  Members  of  the  Committee  on  Science  and  the  Arts  (to  serve  three  years). 

Henry  F.  Colvin,  John  M.  Hartman,  Louis  E.  Levy, 

Thos.  p.  Conard,  Chas.  C.  Heyl,  Tinius  Olsen, 

Geo.  S.  Cullen,  H.  R.  Heyl,  Lucien  E.  Picolet, 

Chas.  Day,  Geo.  A.  Hoadley,  Geo.  F.  Stradling, 

Arthur  Falkenau,  Harry  F.  Keller,  W.  F.  Willcox. 

Mr.  Birkinbine  made  a  commi;nication  on  "  The  Engineering  Features  of 
the  National  Export  Exposition,"  which  was  substantially  an  informal  report 
on  the  w^ork  involved  in  the  designing  and  erection  of  the  buildings  of  the 
exposition,  the  details  and  installation  of  the  power  and  transmission  plant, 
water  supply,  lighting  and  electric  service. 

Messrs.  A.  M.  Greene,  Jr.,  andC.  O.  C.  Billberg  supplemented  the  President's 
remarks  with  explanations  relating  to  the  last-named  features  of  the  work. 
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Mr.  Wm.  E.  Quimby,  of  New  York,  described  and  illustrated,  with  the 
aid  of  lantern  projections,  the  construction  and  operation  of  the  "  Screw 
Pump, "  which  he  had  devised  as  a  rotary  pressure  pump.  The  communication 
was  discussed  by  Messrs.  FuUerton,  Eppelsheimer,  the  President  and  the 
speaker. 

On  motion,  the  subject  was  referred  to  the  Committee  on  Science  and  the- 
Arts  for  investigation. 

Mr.  Arthur  Kitson  exhibited  several  of  the  most  recently  improved  forms 
of  his  incandescent  oil  lamps,  and  made  some  explanations  respecting  their 
efficiency  and  practicability  in  service. 

Adjourned.  Wm.  H.  Wahi.,  Secretary. 


APPENDIX. 


ANNUAL    REPORT    OF   THE   BOARD   OF  MANAGERS   OF    THE 
FRANKLIN    INSTITUTE. 

[For  the  year  1S99,] 

To  the  Members  of  the  Franklin  Institute. 

Gentlemen  : — In  presenting  its  report  of  the  work  of  the  Franklin  Insti- 
tute of  the  State  of  Pennsylvania  for  the  Promotion  of  the  Mechanic  Arts, 
the  Board  of  Managers  congratulates  the  members  upon  the  substantial  evi- 
dences of  progress,  and  urges  continued  co-operation  to  advance  the  Institute. 

Every  committee  has  been  active,  and  the  work  accomplished  by  some 
of  these  has  done  much  to  advance  the  work  in  which  the  Institute  is  en- 
gaged. The  sections  have,  with  generous  rivalry,  endeavored  to  excel  in  the 
character  of  papers  presented,  the  discussions  upon  them,  and  the  renown  of 
those  invited  to  participate  in  their  meetings. 

Three  new  sections  were  added  during  the  year  1S99,  and  sectional  work 
appears  to  be  a  proper  method  for  increasing  the  usefulness  of  the  Institute, 
by  giving  the  members  the  opportunities  for  close  association  in  special  lines 
of  technical  work  for  mutual  benefit. 

The  membership  roll  has  substantially  increased,  principally  through  non- 
resident accessions.  Our  membership  now  represents  that  of  a  national  body 
— a  unique  condition  for  an  organization  having  a  permanent  local  home.  In 
accomplishing  this  result,  the  Committee  on  Membership  has  been  most  per- 
sistent. 

The  popular  lecture  courses  provided  by  the  Committee  on  Instruction 
have,  judging  from  the  audiences  drawn  to  them,  proven  eminently  satis- 
factory. 

The  efforts  of  the  Curators  to  add  to  the  comfort  of  the  members  and 
improve  the  building  have  been  handicapped  by  the  necessitj-  of  deriving 
revenue  from  a  portion  of  the  building.  An  effort  is  being  made  to  remove 
some  of  the  objections. 

Notwithstanding  the  fact  that  some  of  the  income  from  invested  funds 
was  not  available,  the  Library  makes  a  better  exhibit  in  respect  of  additions 
Vol.  CXLIX.     No.  890.  10 
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than  the  previous  year.  This  is  the  Institute's  most  valuable  asset,  and  it  is 
entitled  to  receive  the  most  cordial  support  from  our  memliers  and  friends. 

The  Library  will,  in  the  future,  enjoy  the  benefit  of  two  new  funds — that 
of  the  late  INI.  Carey  Lea  and  the  James  T.  Morris  fund,  founded  by  John  T. 
Morris.  Serious  consideration  is  lieing  given  to  the  making  of  ])rovision  for  a 
proper  place  and  arrangement  of  the  large  and  valuable  pamphlet  collections, 
which,  up  to  the  present,  are  practically  useless. 

The  adoption  of  the  book-stack  system  has  proven  generally  satisfactory, 
aud  has  also  shown  its  great  advantage  over  the  old  plan  in  the  preservation 
of  the  orderly  arrangement  of  the  books. 

The  Institute  has  established  in  the  past  year  a  school  of  instruction  in 
Naval  Architecture,  which  has  met  with  gratifying  success,  and  promises  well 
for  the  future.  If  these  hopes  are  realized,  its  scope  will  presently  be  extended 
to  embrace  classes  in  Marine  Engineering.  The  Board  considers  this  depar- 
ture, in  aid  of  the  great  aud  growing  shipbuilding  interests  of  the  city,  as  a 
most  important  one. 

The  older  schools  of  Drawing  aud  Mathematics  are  well  sustained,  and 
make  a  better  showing  than  for  several  years  past. 

The  Committee  on  Endowment  has  prosecuted  its  work,  but  has  not  suc- 
ceeded in  securing  the  amount  desired,  the  numerous  demands  upon  those 
able  to  aid  in  this  effort  having  hampered  the  work.  The  Committee 
hopes,  however,  with  the  assistance  of  the  Institute's  members,  to  accomplish 
the  task  which  it  has  attempted. 

Two  occasions  made  the  year  1899  memorable  in  the  Institute's  history. 
The  first  of  these  was  the  active  co-operation  of  the  Franklin  Institute  and 
the  Philadelphia  Museums  in  the  National  Export  Exposition,  held  from 
September  i6th  to  December  2d,  which  was  quite  successful.  The  Depart- 
ment of  Awards  was  conducted  by  members  of  the  Institute,  and  the  medals 
aud  diplomas  given  will  aid  in  making  known  the  Franklin  Institute  and  its 
work.  The  other  occasion  of  importance  was  the  celebration  of  the  founding 
of  the  Franklin  Institute,  which  consisted  of  a  public  recognition,  at  the 
proper  date,  February  5th,  and  a  Memorial  Sermon  by  Rev.  Henry  C.  Mc- 
Cook,  D.D.,  supplemented  by  a  series  of  important  meetings  held  in  the 
National  Export  Exposition  Buildings,  October  2d  to  7th.  To  each  of  the 
sections  of  the  Institute  was  assigned  a  part  of  an  evening,  and  to  the  Insti- 
tute, the  final  session.  At  these  meetings  a  series  of  papers  of  unusually  high 
order  were  presented  by  men  who  are  recognized  as  authorities  in  their  respec- 
tive specialties. 

The  proceedings  of  the  seventy-fifth  anniversary  week  will  be  published, 
with  some  incidental  historical  matter,  in  the  form  of  a  separate  "  Memorial 
Volume,"  which  is  now  being  compiled  by  the  Secretary. 

During  the  year  the  Institute  was  also  recognized  by  its  President  serving, 
by  invitation,  as  a  member  of  the  committee  to  unveil  the  statue  of  Benjamin 
Franklin  presented  to  the  city  of  Philadelphia  by  Mr.  Justus  C.  Strawbridge. 

The  Franklin  Institute  has  passed  its  seventy-fifth  year.  Its  next  notable 
anniversary  will  mark  a  century  of  useful  work.  What  the  Institute  will  be 
in  1924  will  depend  largely  upon  the  membership  of  to-day.  It  is  probable 
that  a  majority  of  those  now  on  the  rolls  will  have  passed  away  before  the 
Institute  is  one  hundred  years  old,  but  each  of  us  may  do  his  or  her  part 
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towards  making  the  future  as  memorable  as  the  past,  by  maintaining  the 
present  activity,  and  giving  to  the  work  our  best  endeavors  and  our  personal 
interest. 

There  is  much  to  encourage  in  the  record  of  the  past  years  ;  there  is  much 
to  be  done  in  the  years  to  come. 

The  record  of  membership,  the  resources,  liabilities,  receipts  and  expen- 
ditures, the  details  of  the  work  of  committees  of  the  Institute  and  of  the 
Board,  also  those  of  the  Committee  on  Science  and  the  Arts,  and  the  reports 
of  the  various  sections,  are  appended  for  the  information  of  members. 

By  order  of  the  Board. 

John  Birkinbine, 

Preside7it. 

Philadelphia,  January  10,  1900. 

MEMBERS. 

Members  at  the  close  of  1898 1,850 

Number  of  new  members  elected  who  have  paid  their 

dues  in  1899 389 

2,239 

Lost  by  death,  resignation  and  non-payment  of  dues,  88 

Total  membership  at  the  end  of  1899 2,151 

FINA^XIAL   STATEMENT   FOR   THE   YEAR    1899. 

Balance  on  hand  January  i,  1899 $62  62 

Receipts  from  all  sources      18,609  88 

118,672  50 

Payments  for  all  accounts 18,564  69 

Balance fioy  81 

ENDOWMENT    FUNDS. 

The  Permanent  Endowment  I'uuds  of  the  Institute,  at  the  eud  of  1899, 
consist  of  the  following  : 

(In  the  hands  of  the  Institute. ) 

Bloomfield  H.  Moore  Memorial  Fund |i5,ooo  00 

Memorial  Library  Fund 1,000  00 

B.  H.  Bartol  Fund 1,000  00 

Amount  received  from  Life  Memberships  between 

January  I,  1 891,  and  October  I,  1894 1.755  00 

I>8,755  00 
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Brought  forward ^18,755  00 

(In  the  hands  of  EUiott-Cressou  Trustees.) 

*The  Elliott-Cresson  Medal  Fund  (approximate) 4.72955 

(In  the  hands  of  the  Board  of  Trustees  of  the  Franklin  Institute.) 

The  Legacy  of  George  S.  Pepper 138,562  50 

The  Legacy  of  Eugene  Nugent 1,000  00 

Legacy  of  Enieline  B.  Nicholson 1,520  00 

The  Edward  Longstreth  Medal  Fund 1,000  00 

The  Donation  of  an  Unknown  Friend      5  00 

The  Donation  of  Sigmund  Riefler 20  00 

Life  Membership  Fund  since  October  i,  1894  .    .       1,750  00 

Journal  Endowment  Fund 138  00 

Special  Endowment  Fund 1,105   00 

James  T.  Morris  Memorial  Fund 1,000  00 

By  the  will  of  John  Turner,  deceased,  one-fourth 
of  net  income  on  2  per  cent,  of  his  residuary 
estate,   yielding  about  $100  or  more  per  year, 

equivalent  to  a  capital  sum  of 2,000  00 

48,100  50 


I71.585  05 
*  Figures  for  1899  are  not  at  present  accessible.    Last  year's  amount  is  therefore  sub- 
stituted. 


ANNUAL  REPORT   OF  THE    COMMITTEE  ON   INSTRUCTION,  1899 
To  the  Board  of  Managers  of  the  Franklin  Institute. 

Gentlemen  : — The  Committee  on  Instruction  is  able  to  report  that  the 
same  arrangements  respecting  its  popular  lectures  as  have  been  in  operation 
for  several  years,  with  the  co-operation  of  the  Young  Men's  Christian  Asso- 
ciation, have  remained  in  force,  and  that  the  outcome  has  proved  mutually 
beneBcial  and  satisfactory.  The  Committee  has  been  able,  as  in  former  years, 
to  secure  the  voluntary  services  of  a  number  of  distinguished  lecturers, 
whose  co-operation  in  contributing  to  the  work  of  the  Institute  should  be  re- 
cognized by  a  suitable  expression  of  thanks. 

The  very  large  attendance  of  members  at  these  popular  lectures  has  fully 
demonstrated  that  they  meet  a  demand  which  the  Institute  is  justified  in  re- 
cognizing even  at  greater  cost  than  they  now  entail.  Also,  the  problem  of 
the  differentiation  of  the  popular  from  the  strictly  technical  work  of  the  In- 
stitute, now  conducted  successfully  through  the  sections,  is  thus  satisfactorily 
solved,  and  without  friction. 

As  to  the  school  work,  the  Committee  may  report  substantial  progress  dur- 
ing the  past  year. 

The  number  of  pupils  attending  the  Drawing  School  was  231,  showing  an 
increase,  as  compared  with  the  previous  year,  of  forty-five. 

Thirty  pupils  were  enrolled  in  the  Mathematical  School,  which  may  be 
said  to  have  only  come  into  active  existence  in  1S99.  The  outlook  for  this 
school  is  considered  to  be  distinctly  encouraging. 
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The  experiment  was  made  last  year  of  aiding  in  the  organization  of  a 
School  of  Naval  Architecture,  on  the  strong  representations  of  Mr.  Chas.  H. 
Cramp  that  a  school  of  this  kind,  under  the  patronage  of  the  Institute  should 
prove  highly  beneficial  to  the  many  apprentices  and  young  men  engaged  in 
shipyards  in  and  about  Philadelphia.  The  undertaking  has  thus  far  amply 
iustified  this  opinion.  Although  it  has  been  in  operation  but  a  few  months, 
there  were  enrolled  at  the  close  of  the  year  thirty-six  pupils.  Should  the 
participation  of  pupils  continue  to  grow  in  accordance  with  expectations,  the 
scope  of  the  school  will,  in  time,  be  extended  to  embrace  the  allied  subject 
of  Marine  Engineering. 

The  Committee  desires  here  to  express  its  appreciation  of  the  zealous  and 
efl5cient  work  of  the  Directors  in  charge  of  the  schools. 

\Vm.  H.  Wahl,  Chairman. 


ANNUAL  REPORT  OF  THE   COMMITTEE   ON  THE   LIBRARY   FOR 
THE  YEAR  1899. 

To  the  President  and  Members  of  the  Franklin  Institute. 

Gentlemen  : — The    Committee  on  the  Library  respectfully  reports  the 
following  summar}-  of  the  operations  of  the  Library  during  the  year  1899  : 

Bd.Vols.  Unbd.  Vols.        Pphs.        Chts.        Lithogr. 

Additions — By  Gift 764  318               1957         3               i 

From  Com.  on  Pub.  .25  9                    5 

Moore  Fund  ....  143  20                  37        4 

Mem'l  Library  Fund  2 

General  Fund    ...  i 

Lea  Fund 13  i 

Binding 26S 

Exchange 15 


1,228  351  1,999  7  I 

Total  additions  for  the  year 3,586 

An  increase  of  660  over  1897  and  749  over  1S98. 

Total  number  of  volumes  Januar}-  i,  1900 50,348 

Total  number  of  pamphlets  January  I,  1900 35,545 

The  Library  also  contains  2,807  maps  and  charts,  642  designs  and  draw- 
ings, 1,222  photographs,  191  newspaper  clippings,  26  manuscripts. 

Binding — Periodicals,  reported  among  the  additions 268  vols. 

Old  Books 10     " 

Moore  Fund  Books 6     " 

Memorial  Library  Books ...      3     " 

Rebound I     " 

Repaired 5     " 

293 

Exchanges. — Four  hundred  and  eighty-seven  societies  and  publications 
•were  on  the  exchange  list  of  the  Journal  during  the  year  1899,  an  increase 
of  twenty-eight  over  1898. 
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The  Library,  in  its  new  fire-proof  steel  stack,  has  been  open  with  great 
satisfaction  and  continuously  throughout  the  year.  But  the  entire  satisfaction 
is  short-lived,  for  the  increased  numbers  of  public  documents  that  are  com- 
ing to  the  Library  make  it  evident  that  during  the  coming  year  already  there 
will  be  lack  of  room  for  proper  accommodation.  The  British  patent  collec- 
tion also  is  growing  so  rapidly  that  it  is  impossible  to  give  shelf-room  to  the 
last  two  shipments  received.  Moreover,  the  35,5co  and  odd  pamphlets,  an 
extremely  valuable  part  of  the  Library,  still  lie  practically  useless  without 
shelving  in  the  third  story  of  the  part  of  our  building  that  is  not  fire-proof. 

Two  plans  have  been  proposed  for  obtaining  the  additional  accommoda- 
tion so  pressingly  required,  and  as  they  are  both  so  inexpensive,  only  need- 
ing an  outlay  of  a  few  hundred  dollars,  your  Committee  strongly  urges  that 
both  may  be  authorized.  One  of  the  two  plans  was  urged  in  our  last  annual 
report,  namely,  the  use  of  one  of  the  two  front  rooms  on  the  lower  floor  of 
the  building.  That  room  has  now  been  vacated  by  the  former  tenant,  and, 
even  if  it  should  be  desired  to  use  it  for  the  Institute  purposes,  the  walls  would 
give  place  for  a  considerable  number  of  volumes  or  pamphlets.  The  other 
plan  is  to  add  another  story  to  the  book  stack  itself,  by  cutting  off  the  Sev- 
enth Street  end  of  the  present  drawing  school. 

Proper  accommodation  for  the  invaluable  collection  of  drawings  and 
charts  is  still  lacking,  as  reported  last  year. 

The  binding  has  been  continued,  and  if  the  appropriation  of  the  past 
year  for  the  purpose  can  be  renewed  the  coming  year,  and  if,  at  the  same 
time,  the  unexpended  balance  of  last  year's  appropriation  can  also  be  used, 
very  satisfactory  progress  can  be  accomplished. 

The  main  addition  of  books  has  been,  as  in  former  years,  from  special 
gifts  during  the  year,  and  next  from  the  volumes  of  serials  received  in  ex- 
change for  the  Journal. 

The  older  book  funds,  the  Moore  Fund,  about  I750  a  year,  and  the  Mem- 
orial Library  Fund,  about  I50  a  year,  have  supplied  a  smaller  number  of  vol- 
umes than  usual.  The  Mathew  Carey  Lea  Fund,  amounting  to  about  $150  a 
year,  has  now  just  begun  to  add  its  quota.  The  James  T.  Morris  Fund  has, 
by  the  liberality  of  Mr.  John  T.  Morris,  just  been  doubled,  that  is,  increased 
to  |2,ooo,  and  is  expected  to  yield  about  f  looa  year,  and  to  begin  to  be  usable 
at  once. 

The  Library  Committee  has  worked  zealously  and  harmoniously,  with  well- 
attended,  spirited  meetings.  Different  branches  of  applied  science  are  now 
represented  on  the  Committee,  but  all  have  mutual  consideration  for  the 
claims  of  the  others,  and  aim  at  the  filling  out  of  a  well-balanced  library. 

Benj.  Smith  Lyman, 
Chairman  Library  Cotmnittec. 

Philadelphia,  January  8,  1900. 


ANNUAL  REPORT  OF  THE  COMMITTEE  ON  SCIENCE  AND 
THE  ARTS,  1899. 

To  the  President  and  Members  of  the  Franklin  Institute. 

Gentlemen  : — The  statistics  of  the  operations  of  the  Committee  on  Sci- 
ence and  the  Arts  for  the  year  1899,  herewith  appended,  present  a  highly 
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creditable  record  of  the  Committee's  activity  during  the  past  year.  Its  com- 
parison with  the  records  for  the  year  immediately  precedinj^  appears  dis- 
tinctly favorable  and  encouraging,  as  evidenced  by  the  following  general 
summaries  : 

Cases  pending  at  the  beginning  of  the  year  : 

189S , 32 

1899 42 

New  cases  from  all  sources  : 

189S 59 

1899 56 

Cases  finished  during  the  year  : 

1898 .47 

1899 63 

Cases  pending  at  the  close  of  the  year  : 

1S98 44 

1899 35 

Thus,  the  number  of  cases  pending  was  one-third  greater  at  the  begin- 
ning of  the  past  year,  and  one-fifth  less  at  its  close  than  the  corresponding 
statistics  of  the  year  before. 

Again,  the  number  of  investigations  completed  was  one-third  greater  for 
1899  than  for  189S. 

The  number  of  medals  awarded,  of  all  classes,  presents  a  like  aggregate, 
namely,  ten,  although  the  Elliott  Cresson  Medal  was  not  conferred  in  a  sin- 
gle instance  during  the  year  just  closed. 

In  view  of  the  numerous  cases  that  are  now  being  referred  to  this  Com- 
mittee by  the  Bureau  of  Awards  of  the  National  Export  Exposition,  it  may 
confidently  be  expected,  apart  from  other  reasons,  that  the  Committee  is  now 
entering  upon  one  of  the  most  fruitful  years  of  its  honorable  existence. 

In  closing  his  connection  with  the  Committee,  in  the  relation  of  its  pre- 
siding officer,  the  Chairman  desires  to  express  his  appreciation  of  the  courte- 
ous consideration  extended  to  him  at  all  times,  and  his  personal  thanks  to  the 
Secretary  for  his  valuable  and  efficient  aid,  always  cheerfully  rendered. 

Edgar  1M.\rburo, 
Chairman  Coviniittcc  on  Science  and  the  Arts. 


ANNUAL  REPORT  OF  THE  COMMITTEE  ON  MEETINGS  FOR  THE 

YEAR  1899. 

To  the  President  and  Members  of  the  Franklin  Institnte. 

Gentlemen  : — The  Committee  on  Meetings  has  held  regular  sessions  as 
prescribed  by  the  by-laws,  and  has  arranged  for  the  presentation  of  nineteen 
communications.  Of  these,  a  number  have  appeared  in  the  Jonrna/,  and 
others  have  been  deemed  sufficiently  interesting  to  warrant  their  reference 
to  the  Committee  on  Science  and  the  Arts. 

The  attendance  at  the  stated   meetings  during  the  past  year  has  shown 
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some  improvement,  indicating  the  maintenance  of  interest  on  the  part  of  the 
membership. 

Respectfully  submitted,  on  behalf  of  the  Committee, 

Washington  Jones, 

Cliairman. 
PhiIvADHLPHIa,  January  lo,  1900. 

ANNUAL  REPORT  OF   THE  COMMITTEE   ON   SECTIONAL 
ARRANGEMENTS,  1899. 

To  the  Board  of  Managers  of  the  Franklin  Institute. 

GenTi<EmEn  : — In  transmitting  to  the  Board  of  Managers  the  annual 
reports  of  the  several  sections,  the  Committee  on  Sectional  Arrangements 
desires  to  express  its  gratification  that  the  policy  to  which  the  Institute  has 
lately  committed  itself,  of  establishing  sections  for  the  benefit  of  its  mem- 
bers as  rapidly  as  the  need  for  them  became  apparent,  has  demonstrated  its 
utility  in  the  most  unmistakable  manner. 

Following  closely  upon  the  organization  of  the  Mining  and  Metallurgi- 
cal Section  in  189S,  two  new  sections  were  founded  in  1899— the  Mechanical 
and  Engineering  Section  and  the  Physical  and  Astronomical  Section  ;  and 
the  Chemical  Section  found  it  desirable  to  extend  the  scope  of  its  operations 
by  the  formation  of  a  Photographic  and  Microscopic  Branch,  which,  to  all 
intents  and  purposes,  represents  a  third  new  section  set  in  operation  during 
the  past  year. 

The  large  number  of  members  who  have  attached  themselves  to  these  new 
centers  of  activity  in  the  Institute,  and  the  very  general  interest  manifested 
in  their  meetings,  furnish  the  best  evidence  that  could  be  desired  to  prove 
that  the  members  of  the  Institute  are  prompt  to  avail  themselves  of  the 
opportunities  aflforded  by  the  new  sections  to  meet  for  mutual  benefit. 

Every  new  department  thus  established  strongly  adds  to  the  advantages 
which  the  Institute  affords  to  its  members,  and  enlarges  the  scope  and  value 
of  its  work  as  a  technical  society,  and  the  Institute  has  reason  to  be  well 
satisfied  with  its  progress  in  this  direction  during  the  past  year. 

Several  projects  for  new  sections  have  been  under  advisement  for  some 
time,  but  on  account  of  the  diversion  of  interest  and  attention  to  the  conduct 
of  the  Exposition,  they  have  not  been  pressed  to  realization.  During 
the  present  year,  however,  your  Coinmittee  confidently  expects  that  they  will 
be  carried  into  effect. 

The  Institute  has  now  in  active  operation  five  sections,  viz.:  Chemical 
Section,  Electrical  Section,  Mining  and  Metallurgical  Section,  Mechanical 
and  Engineering  Section,  and  Physical  and  Astronomical  Section.  All  of 
the  older  sections  show  substantial  gains  in  membership,  and  all  exhibit 
a  degree  of  activity  that  promises  well  for  the  future. 

The  Committee  has  heretofore  expressed  the  desirability  of  attracting  a 
larger  number  of  young  men  toward  the  Institute,  and  with  that  intent,  the 
grade  of  Juuior  Associates  was  created  ;  and  the  subjects  discussed  before  the 
Mechanical  Section  have  usually  been  popular  and  attractive  in  style.  This 
project  has  not  been  fully  developed,  and  it  is  believed  it  could  be  extended 
by  a  personal  canvass.     Possibly  the  creation  of  a  section  especially  devoted 
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to  the  interests  of  the  Juniors  mij^ht  be  useful,  as  a  similar  system  has  proved 
highly  efTective  with  the  engineering  societies  in  New  York. 

The  Committee  would  recommend  this  project  for  the  consideration  of  the 
Board,  as  it  is  believed  to  offer  a  most  promising  field  for  the  future  usefulness 
of  the  Institute. 

J.\MKS  Christie,  Chairman. 

January  5,  1900. 


ANNUAL   REPORT   OF  THE   CHEMICAL   SECTION,  1899. 
To  the  Committee  on  Sectional  Arrangements. 

Gentlemen:  —  The  Chemical  Section  has  maintained  an  unimpaired 
activity  during  the  past  year.  Meetings  have  been  held  regularly,  and  the 
papers  and  discussions  presented,  of  which  the  more  important  have  appeared 
in  the  Journal,  were  fully  up  to  the  standard  of  the  work  previously  done  by 
the  Section. 

During  the  past  year  the  need  for  affording  the  members  an  opportunity 
of  cultivating  certain  collateral  branches  of  science  caused  the  Section  to 
expand  its  facilities  by  the  creation  of  a  branch  devoted  to  photography  and 
microscopy,  which  has  maintained  a  creditable  state  of  efficiency. 

The  combined  membership  of  the  Section  and  the  Branch,  at  the  close  of 
the  year,  is  162. 

The  Section  held  an  interesting  joint  meeting  at  Bethlehem,  Pa.,  in 
May,  with  the  Lehigh  Valley  Branch  of  the  American  Chemical  Society. 

The  Section  also  participated  actively  in  the  ceremonies  attending  the 
celebration  of  the  seventy-fifth  anniversary  of  the  Institute'. 

The  Institute  is  now  beginning  to  realize  the  income  of  the  Lea  Fund,  for 
the  purchase  of  books  relating  to  chemistry  and  physics,  and  the  Section  last 
year  recommended  to  the  Library  Committee  the  purchase  of  a  number  of 
valuable  reference  works  with  the  available  income,  in  accordance  with  the 
committee's  action  requesting  the  Section's  aid  in  the  premises. 

The  list  of  authors,  and  the  titles  of  communications  presented  and  sub- 
jects discussed  at  the  meetings  of  the  Section  and  the  Photographic  and 
Microscopic  Branch,  are  hereto  appended. 

"  Methods  for  the  Examination  of  Explosives."     Dr.  W.J.  Williams. 

"The  Clarification  and  Purification  of  Municipal  Water  Supplies. "  Mr. 
Allen  Hazen. 

"  A  Process  for  Testing  Metals."     Mr.  Joseph  Richards. 

"  The  Laboratory  Production  of  Asphalts  from  Animal  and  Vegetable 
Matters."     Dr.  Wm.  C.  Day. 

"The  Development  of  Pneumatic  Chemistry."     Dr.  H.  C.  Bolton. 

"  On  Series  in  Spectra."     Prof.  E.  A.  Partridge. 

"The  Use  of  Iron  in  the  Purification  of  Water."     Dr.  Thos.  M.  Drown. 

"  The  Two-Circle  Goniometer."     Dr.  Joseph  W.  Richards. 

"  A  Historical  Sketch  of  Methods  for  the  Liquefaction  of  Gases."  Dr. 
H.  F.  Keller. 

"  Artificial  Graphite."     Dr.  Wm.  H.  Wahl. 

"  The  Relations  of  Chemistry  to  the  Progress  of  the  .\rts."  Dr.  Harvey 
W.  Wiley  (Anniversary  Address). 
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"  The  Iiiflueuce  of  Science  in  Modern  Beer  Brewing."     Dr.  Francis  Wyatt. 

"  Artesian  Waters."     Dr.  Henry  Leffmann  and  Mr.  Lewis  Woolman. 

"  An  Improved  Stereoscopic  Camera."     Mr.  John  G.  Baker. 

"  The  Systematic  Application  of  the  Microscope  to  the  Detection  of  Adul- 
terations of  Food  "  (discussion). 

"  The  Making  of  Photography."     Dr.  Chas.  F.  Himes  (Anniversary  Ad- 
dress). 

"The  McDonough  Process  of  Color  Photography."     Mr.  F'rank  V.  Cham- 
bers. 

"  The  Organization  of  Photographic  Record  Work  "  (discussion). 

"An   Improved  Device  for  Holding  Squeegee  and  other  Dry  Plates  in 
Mounting."     Mr,  John  G.  Baker. 

Exhibition   of  Accessories  to  the  Microscope,   including,  especially,  the 
Polariscope  and  Spectroscope. 

Joseph  W.  Richards, 

Presideiit. 


ANNUAL  REPORT   OF  THE    ELECTRICAL   SECTION,   1899. 
To  the  Coiiiinittee  on  Sectional  Arrangements. 

Gentlemen  : — The  Electrical  Section  has  had  a  successful  year,  if  interest 
in,  and  attendance  on  its  meetings,  is  any  criterion. 

The  membership  at  the  beginning  of  the  year  was  116  ;  and  at  the  present 
date  it  is  140,  showing  a  gain  of  twenty-four  for  the  year. 

Not  only  have  there  been  interesting  papers  for  each  meeting,  but  also 
the  members  have  shown  their  interest  in  them  by  vigorous  discussion. 

The  papers  read  at  the  meetings  have  been  as  follows  :  Meeting  of  January 
20,  1899,  W.  H.  Tapley,  of  the  United  States  Government  Printing  Office,  at 
Washington,  D.  C,  "Practical  Application  of  the  Electrical  Motor  to  Print- 
ing Press  Machinery."  February  2Sth,  demonstration  evening.  Prof.  W.  S. 
Franklin,  of  Lehigh  University,  showed  and  described  some  forms  of  the 
Nernst  Lamp  that  he  had  made  ;  he  also  showed  that  heated  glass  is  an  elec- 
trical conductor  by  sending  a  current  of  2,000  volts  A.  C.  through  a  glass 
tube  after  heating  it  with  a  Bunsen  burner.  The  current  resulting  from  this 
voltage  melted  the  tube. 

Mr.  Elmer  G.  Willyoung  showed  the  construction  and  operation  of  the 
electrolytic  interrupter,  in  connection  with  a  coil  and  X-ray  tube.  Mr.  Bal- 
derston,  of  Williams,  Brown  &  Earle,  exhibited  a  new  form  of  static  X-ray 
machine  in  operation. 

March  28th.— Mr.  Frank  Sprague,  of  New  York,  "  The  Multiple  Unit 
System  of  Electric  Traction." 

Mr.  Albert  B.  Herrick,  of  New  York,  "  The  Electrical  Inspection  of  Street 
Car  Equipment." 

Mr.  Edward  E.  Higgins,  of  New  York,  "Some  of  the  Transportation 
Problems  in  Larger  Cities." 

Mr.  Charles  Hewitt,  of  the  Union  Traction  Company,  of  Philadelphia, 
opened  the  discussion  on  the  preceding  papers. 

April  25,  1899.— Prof.  R.  A.  Fessenden,  Western  University  of  Pennsyl- 
vania,   Alleghany,    Pa.,    "The    Design   of    Electro-Magnetic    Mechanism." 


Feb.,  1900.]  Board  of  Managers.  155 

Prof.  J.  Henry  Klinck,  of  Lehigh  University,  Pa.,  "A  Photometric  Compari- 
son of  Illuminating  Globes." 

May  19th. — Mr.  Jas.  Hamblet,  of  New  York,  "  Electric  Clocks  Historically 
Considered,  and  the  Uniform  Distribution  of  Time."  Mr.  J.  D.  Darling,  of 
Philadelphia,  showed  an  improved  form  of  primary  battery   (Harrison  cell). 

July  20th. — In  place  of  the  regular  meeting  at  the  Institute  an  excursion  to 
Lincoln  Park,  by  boat,  was  attended  by  about  thirty  members. 

October  3d. — At  the  National  Export  Exposition,  in  honor  of  the  seventy- 
fifth  anniversary  of  the  Franklin  Institute,  addresses  were  delivered  as 
follows  : 

Dr.  Edwin  J.  Houston,  "  The  Seventy-fifth  Auniversar}-  from  an  Electrical 
Standpoiut."     (Anniversary  Address.) 

Mr.  Ralph  W.  Pope,  of  New  York,  "  Influence  of  Technical  Societies  in 
Promoting  the  Progress  of  the  Electrical  Arts."     (Anniversary  Address.) 

November  24th. — Mr.  F.  W.  Willcox,  of  the  General  Electric  Company, 
Harrison,  N.  J.,  "Incandescent  Lamps  and  Filaments."  Mr.  Walter  E. 
Harrington,  Camden,  N.  J. ,  "Rail  Bonding." 

December  22d. —Discussion  of  the  subject  "  Automobiles "  by  Messrs. 
Morris,  Salom,  Marks  and  Roche. 

In  conclusion,  I  wish  10  congratulate  the  Sectiou  on  its  prosperous  con- 
dition and  its  opportunities  for  future  growth  and  activity.  I  wish  also  to 
express  my  personal  appreciation  of  the  efficient  work  of  the  Program  Com- 
mittee, to  whom,  more  than  to  any  one  else,  the  success  of  the  year  is  due. 

Geo.  a.  Hoadley, 
President  of  the  ElectHcal  Section. 


REPORT  OF  THE  MINING  AND  METALLURGICAL  SECTION,  1899. 
To  the  Committee  on  Sectional  Arrangements. 

Gentlemen  : — The  Mining  and  Metallurgical  Section  has  to  report,  in 
connection  with  its  operations  during  the  past  year,  a  substantial  gain  in  gen- 
eral interest  in  its  work  on  the  part  of  its  members. 

There  were  presented  during  the  year  1899,  fourteen  papers,  some  of  a  high 
order  of  excellence,  and  all  of  interest. 

The  membership  at  the  close  of  the  year  is  eighty-six. 

The  Section  took  an  active  part,  as  the  representative  of  the  Institute, 
in  the  work  of  the  International  Association  for  Testing  Materials,  having 
named  a  committee  of  five  members  to  act  in  its  behalf  in  furthering  the  ob- 
jects of  the  Association.  This  committee  also  took  an  active  part  in  the 
work  of  the  American  Branch  of  the  Association,  which  is  now  well  advanced. 

In  May,  the  Section  unit,ed  with  the  Chemical  Section  in  a  joint  meeting 
with  the  Lehigh  Valley  Branch  of  the  American  Chemical  Society,  held  in 
Bethlehem,  Pa.  The  event  proved  to  be  one  of  much  interest,  embracing  a 
visit  of  inspection  to  the  works  of  the  Bethlehem  Iron  Company,  the  Govern- 
ment Ordnance  Works  and  the  Lehigh  University. 

The  program  of  the  Section  for  the  current  year  is  filled  for  the  greater 
portion  of  the  meetings,  and  the  general  character  of  the  papers  to  be  offered 
is  such  as  will  fully  sustain  the  reputation  of  the  Section  as  a  live  and  grow- 
ing branch  of  the  parent  tree. 
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Appended  hereto  is  a  list  of  papers  read  in  1899  : 

"Segregation  in  Steel  Ingots."     Mr.  A.  W.  Allen. 

"The  Mogollon  (N.  M.)  Mining  District."     Dr.  H.  M.  Chance. 

"  The  History  of  Malleable  Cast  Iron  Manufacture  in  the  United  States." 
Mr.  George  C.  Davis. 

"  Klondike  Region."     Professor  Angelo  Heilprin. 

"Iron  Ores  of  the  Oural  Mountains."     Mr.  H.  B.  C.  Nitze. 

"Notes  on  the  Reduction  of  Iron  Ores."     Mr.  John  M.  Hartman. 

"Subterranean  Ice  Deposits."     Mr.  Edwin  S.  Balch. 

"  Titaniferous  Iron  Ores."     Prof.  J.  F.  Kemp. 

"  Some|Features  in  the  Structural  Design  of  Buildings."    Prof.  W.  H.  Burr. 

"  Riddles  Wrought  in  Iron  and  Steel."     Mr.  Paul  Kreuzpointner. 

"  The  Development  of  the  Iron  Manufacture  in  the  United  States."     Mr. 
John  Fritz  (Seventy-fifth  Anniversary  Address). 

"  Three-quarters  of  a  Century's  Progress  in  Mining  and  Metallurgy."     Mr. 
Charles  Kirchhoff  (Seventy-fifth  Anniversary  Address). 

"  The  Annealing  of  White  Cast  Iron."     Mr.  Chas.  James. 

"The  Tilly  Foster  Mine."     Mr.  Edward  K.  Landis. 

"  Some  Modern  Methods  of  Deep  Mining."     Dr.  H.  M.  Chance. 

James  Christie, 

President. 


ANNUAIv  REPORT  OF  THE  MECHANICAL  AND  ENGINEERING 

SECTION,  1899. 

To  tlie  Coniinittee  on  Sectional  Arrangeuients. 

Genti,emen  : — Although  the  Mechanical  and  Engineering  Section  may 
be  said  to  have  only  entered  upon  its  career  at  the  beginning  of  the  year 
1899,  its  brief  history  has  abundantly  confirmed  the  excellent  judgment  of 
its  founders,  not  only  by  the  circumstance  that  its  membership  is  considerably 
larger  than  that  of  any  of  the  other  coordinate  branches  of  the  Institute,  but 
also  by  the  large  attendance  at  its  meetings  and  the  very  general  interest 
which  these  meetings  have  attracted. 

The  polic}^  adopted  by  the  Section  from  the  beginning  of  its  career  was, 
as  far  as  possible,  to  avoid  formality  and  to  promote  and  encourage  the  free 
interchange  of  opinion  among  its  members,  with  the  view  thereby  of  insur- 
ing the  active  participation  of  the  large  number  of  mechanics  in  the  member- 
ship of  the  Institute,  whose  interests  it  was  felt  by  the  organizers  of  the  Sec- 
tion should  be  considered  as  paramount  to  all  other  objects. 

To  interest  this  class  of  its  members,  the  Section  wisely  decided  from  the 
start  to  devote  its  meetings  largely  to  the  discussion  of  debatable  subjects  of 
importance  to  mechanical  experts,  and  to  invite  the  freest  discussion  of  them 
by  the  members  and  others.  The  wisdom  of  this  policy  has  been  abundantly 
confirmed. 

The  following  subjects  were  discussed  during  the  year  at  the  Section 
meetings  : 

"  Travelling  Cranes." 

"The  Mechanical  Applications  of  Compressed  Air," 

"Internal  Combustion  Engines." 


Feb.,  1900.]  Board  of  Managers.  1 57 

"The  Coustruction,  Operation  and  Maintenance  of  Pumping  Machinery." 

"Hydraulic  Transmission,  Valves  and  Packing." 

In  addition  to  these,  the  Section  devoted  two  meetings  to  the  presentation 
of  the  following  communications  ; 

"An  Engineer's  Experience  on  the  United  States  Repair  Ship  '  Vulcan,' 
with  Admiral  Sampson's  Fleet,"  by  Prof.  Wm.  S.  Aldrich  ;  and  a  paper  on 
"  The  Flow  of  Steel,"  by  Mr.  Henrik  V.  Loss. 

The  Section  also  participated  in  the  ceremonies  of  the  celebration  of  the 
seventy-fifth  Anniversary  of  the  Institute,  in  the  Convention  Hall  of  the 
National  Export  Exposition,  on  which  occasion  the  President  made  an  in- 
troductory address,  and  was  followed  by  Dr.  Coleman  Sellers,  who  gave  an 
admirable  address  on  "  The  Progress  of  the  Mechanical  Arts  in  Three-quarters 
of  a  Century." 

The  membership  of  the  Section  at  the  close  of  the  year  1899  is  192,  and 
■with  the  gratifying  results  already  attained,  it  is  confidently  hoped  and  be- 
lieved that  in  this  Section  a  new  and  important  field  of  usefulness  has  been 
added  to  the  Franklin   Institute,  which  will  continue  to  grow  and  yield  an 

abundant  harvest. 

Wii,FRED  Lewis,  Prcsiderit. 


ANNUAL  REPORT  OF  THE  PHYSICAL   AND  ASTRONOMICAL  SEC- 
TION,  1S99. 
To  the  Cominittee  on  Sectional  Arrangements. 

Gentlemen  -.—The  Physical  and  Astronomical  Section  was  organized  on 
February  8,  1899,  on  the  petition  of  eighteen  members  of  the  Institute. 

On  May  19th,  following,  the  inaugural  meeting  was  held  in  the  lecture- 
room,  in  the  presence  of  a  large  and  interested  audience  of  members  and 
friends.  The  proceedings  embraced  an  inaugural  address  by  Professor  Cleve- 
land Abbe,  of  the  U.  S.  Weather  Bureau,  "  On  the  Relation  of  the  Mechanic 
Arts  to  Physics  and  Astronomy."  Addresses  were  also  made  on  the  occasion 
by  Dr.  A.  E.  Kennelly,  President  of  the  Section;  Prof.  T.  C.  Mendeuhall, 
President  of  the  Worcester  Polytechnic  Institute,  Worcester,  Mass.  ;  Prof.  A. 
S.  Mackenzie,  of  Bryn  Mawr  College,  Bryn  Mawr,  Pa.  ;  Prof.  L.  d'Auria,  and 
others. 

The  Section  has  since  held  regular  monthly  meetings,  as  prescribed  by  the 
by-laws  of  the  Institute,  at  each  of  which  one  or  several  communications  of 
interest  have  been  presented  and  discussed. 

A  list  of  these  is  appended  hereto. 

The  organization  of  a  section  of  the  Institute  devoted  to  pure  science 
emphasizes  in  the  most  convincing  manner  the  recognition  which  the  Insti- 
tute has  always  given  to  the  fact  that  all  the  advances  made  in  the  arts  have 
their  origin  in  the  cultivation  of  science  for  its  own  sake  by  original  investi- 
gation, and  exemplifies  that  union  of  "science  with  practice  "  which  it  has 
ever  been  the  aim  of  the  Franklin  Institute  to  represent. 

The  list  of  communications  presented  at  the  meetings  held  in  1899  is  as 
follows  : 

"  Methods  of  Determining  the  Gravitation  Constant."  Prof.  A.  S.  Mac- 
kenzie. 

"The  Daguerreotype  and  the  Action  of  Light  upon  Silver  Iodide."  Dr. 
E.  A.  Partridge. 
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'=  The  Florentine  Enigma."     Dr.  G.  B.  M.  Zerr. 

Introductory  Address,  Seventy-fifth  Anniversary  Celebration.  Dr.  A.  E. 
Kenuelly. 

"Some  Notable  Contributions  of  American  Physicists  during  the  last 
Three-quarters  of  a  Century  "  i  Anniversary  Address).    Dr.  T.  C.  Mendenhall. 

"  Loudness  of  Sound."     Dr.  Geo.  F.  Stradling. 

"  The  Coordinates  of  the  Center  and  Radius  of  a  Circle  and  the  Angle  of 
Intersection  of  Two  Circles  in  Trilinear  Coordinates."  Mr.  Jesse  Pawling, 
Ir. 

"  The  Aberration  Constant."     Dr.  G.  B.  M.  Zerr. 

A.  E.  Kennelly,  President 


COMMITTEE  on  SCIENCE  and  the  ARTS. 


{^Abstract  of  the  proceedings  of  the  stated  jneeting  hetd  Wednesday,  fanuary 

S,  I  goo.'] 
Prof.  Edgar  Marburg  in  the  chair. 

The  following  reports  were  adopted  : 

Graphophone  "  Grand.'" — Thomas  N.  IMacdonald,  Bridgeport,  Conn. 

The  subject  of  this  investigation  is  a  modification  of,  and  improvement 
upon,  the  graphophone,  a  method  and  apparatus  for  recording  and  reproducing 
sounds,  invented  by  Chichester  A.  Bell  and  Sumner  Tainter,  of  Washington, 
D.  C.  The  report  embraces  a  historical  summarj^  of  the  evolution  of  sound 
recording  and  reproducing  machines,  and  a  scientific  analysis  of  the  modes  of 
operation  of  the  several  types  of  these  machines. 

The  report  is  reserved  for  publication  /;/  extenso. 

The  investigators  award  to  Mr.  Macdonald  a  Certificate  of  Merit,  and  to 
Messrs.  Bell  and  Tainter  they  recommend  the  award  of  the  John  Scott  Legacy 
Premium  and  Medal.  \_Sub-Co)nmittee. — Louis  V,.  Levy,  Chairman;  J.  M. 
Emanuel,  H.  R.   Heyl,  Samuel  Sartain.] 

Levy's  Acid-Blast  Process  of  Etching  JMctal  Plates.— ho\x\s  E.  Levy,  Phila- 
delphia. 

Abstract. — The  invention  consists  in  the  application  of  an  atomized  spray 
of  acid  or  other  eroding  agent,  which  is  projected  vertically  upward  by  means 
of  an  air-blast  against  the  surface  to  be  etched,  and  in  a  certain  combination 
of  appliances  for  effecting  this  object. 

The  invention  is  covered  by  letters-patent  in  various  countries,  those  of 
the  United  States  bearing  date  of  October  12,  189S. 

For  details  of  the  method  and  apparatus  reference  is  made  to  this  fournal, 
147,  337.     (Art.  Levy— "Acid-blast  Process  for  Etching."  ) 

The  inventor  has  made  several  improvements  in  details  since  the  reading  of 
his  paper  before  the  Institute,  at  the  stated  meeting  of  February  15,  1899,  the 
most  notable  of  these  relating  to  the  making  of  efiicient  provision  for  pre- 
venting the  heating  of  the  plate  and  the  acid  during  the  etching  operation. 

The  report  finds  that  the  claims  of  the  applicant  respecting  the  several  ad- 
vantages of  the  process  are  substantially  correct,  and  after  an  examination  of 
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all  accessible  records,  the  conclusion  is  stated  that  the  process  and  apparatus 
are  original  with  him,  and  in  view  of  the  importance  of  this  invention,  and  in 
consideration  of  the  originality  of  the  idea  and  of  the  ingenuity  displayed  in 
its  application,  the  award  of  the  Elliott  Cresson  Medal  is"  recommended. 
{SubCommitiir. —Vra.nk  E.  Manning,  Chairman  ;  George  H.  Huchanan, 
Samuel  Sartain.] 

The  following  reports  were  considered  : 

System  of  Oil  Heating  ami  Incandescent  Lighting. — Arthur  Kitson,  Phila- 
delphia. 

Water  Heater /or  Range  Boilers. — .\dam  HtUer,  Baltimore,  Md. 

Pneumatic  System  for  Preventing  the  Bursting  of  Water  Pipes. — N.  ]\Ion- 
roe  Hopkins,  Washington,  D.  C. 

Braiding  Alac/i inc. —kwdrew  V.  Groupe,  Philadelphia. 

These  were  held  under  advisement. 


SECTIONS. 


Photographic  and  Microscopic  Branch  (Chemical  Section). — Stated 
Meeting,  Tuesday,  Januarj'-  2,  1900.     Dr.  LefFmann  in  the  chair. 

iSIr.  John  G.  Baker  described  an  apparatus  and  method  which  he  had 
devised  for  entitling  negatives,  and  exhibited  several  lantern  slides  to  demon- 
strate the  utilit}'  of  the  invention.  The  subject  was  discussed  by  Messrs. 
Sartain,  Ives,  LeflFmann  and  the  author. 

The  subject  announced  for  discussion,  namely,  "  Micro-photograph}- and 
Photo-micrography,"  was  then  announced  by  the  chairman,  who  defined  the 
proper  significance  of  these  terms,  which  are  frequently,  but  improperly,  used 
interchangeably.  The  distinction  was  emphasized  by  the  exhibition  of  speci- 
mens. Special  attention  was  called  to  the  utility  of  micro-photography  as  a 
means  of  preserving,  in  convenient,  transportable  form,  valuable  and  bulky 
records,  manuscripts,  etc. 

A  recess  was  taken  to  permit  of  the  inspection  of  the  exhibits  with  the  aid 
of  the  projecting  lantern  and  table  microscope.  The  discussion  was  partici- 
pated in  by  Messrs.  Keeley,  Baker,  Ives  and  Leffmann. 

The  Executive  Committee,  to  which  had  been  referred  the  question  of  the 
reorganization  of  the  branch  as  an  independent  Section,  reported  in  favor  of 
the  change,  and  was  authorized  to  carry  the  proposition  into  effect,  in  co-ope- 
ration with  the  parent  section.  W. 

Physical  .\nd  Astronomical  Section. — Stated  Meeting,  Friday,  Janu- 
ary 5,  1900.     Prof.  L.  D'.'\uria  in  the  chair. 

The  following  commimications  were  presented  and  discussed  : 

"  The  Co-ordinates  of  the  Center  and  Radius  of  a  Circle,  and  the  Angle  of 
Intersection  of  Two  Circles  in  Trilinear  Co-ordinates."  By  Jesse  Pawling, 
Jr.,  and  the  "Aberration  Constant."     By  Prof.  G.  B.  M.  Zerr. 

The  following  officers  were  elected  for  the  current  jear  :  President,  Dr.  A. 
E.  Kennelly  ;  Vice-Presidents,  Prof.  L.  D'Auria  and  Prof.  Geo.  F.  Stradling  ; 
Secretary,  Prof.  E.  A.  Partridge  ;  Conservator,  Dr.  Wm.  H.  Wahl.  W. 

Mining  .\nd  METALHRr.icAL  Section. — Stated  Meeting,  January  10, 
1900.     Mr.  James  Christie  in  the  chair. 


i6o  Sections.  [J.  F.  I. 

Prof.  F.  Lyuwood  Garrison  read  a  paper  on  "The  Lead  and  Zinc  Ores 
of  Southwestern  Missouri."  The  author  devoted  his  attention  specially  to 
the  lead  and  zinc  deposits  in  the  region  commonly  known  as  the  Joplin  dis- 
trict. He  described  their  geological  relationships,  and  dwelt  at  length  on  the 
topographical  and  other  surface  indications  by  which  the  presence  of  the  ores 
is  supposed  to  be  shown.  The  paper  concluded  with  a  general  historical 
sketch  of  the  development  of  this  mining  district,  the  methods  in  vogue  for 
the  mining  and  treatment  of  the  ores,  statistics  of  production,  etc.  The 
paper  was  well  illustrated  with  the  aid  of  ore  specimens,  lantern  slides 
and  diagrams.     Some  discussion  followed. 

The  following  officers  were  elected  for  the  current  year  :  President,  Mr. 
Joseph  Richards;  Vice-Presidents,  Dr.  D.  K.  Tuttle  and  Mr.  A.  E.  Outerbridge, 
Jr.;  Secretary,  Mr.  G.  H.  Clamer  ;  Conservator,  Dr.  \Vm.  H.  Wahl.  W. 

Mechanical  and  Engineering  Section.— .S/a/^a'  Meeting,  Thursday, 
January  ii,  1900.     Dr.  Wahl  in  the  chair. 

The  subject  for  discussion  was  "The  Heating  and  Ventilation  of  Work- 
shops and  Factories."     Opened  by  Mr.  Walter  B.  Snow,  of  Boston. 

Mr.  Snow  described,  and  very  freely  illustrated,  with  the'  aid  of  the  lan- 
tern, the  blower  system,  as  applied  in  its  most  modern  aspects  to  industrial 
establishments  and  other  large  buildings. 

An  animated  discussion  followed. 

The  election  of  officers  was  postponed  until  the  next  stated  meeting.     W. 

Chemical  Section. — Stated  Meeting,  January  16,  1900.  Dr.  W.  J.  Wil- 
liams in  the  chair. 

Prof.  Robt.  H.  Bradbury  presented  a  paper  on  "  Racemism,"  which  was  an 
elaborate  resume  of  the  present  scientific  views  entertained  on  this  highly 
interesting  subject. 

A  report  was  presented  by  Dr.  Keller,  for  the  special  committee  named  to 
consider  the  proposition  of  the  Photographic  and  Microscopic  Branch  to 
sever  its  connection  with  the  Section  and  form  an  independent  section.  The 
report  favored  the  change. 

The  following  officers  were  elected  for  the  current  year  :  President,  Dr. 
W.  J.  Williams ;  Vice-Presidents,  Mr.  Lyman  F.  Kebler  and  Mr.  Joseph 
Richards;  Secretary,  Mr.  Wm.  H.  Ridenour  ;  Conservator,  Dr.  Wahl. 

A  vote  of  thanks  was  extended  to  Dr.  Joseph  W.  Richards,  the  retiring 
President,  for  his  zeal  and  ability  in  the  Section's  interest  during  his  term  of 
office.  W. 

Electrical  Section. — Stated  Meeting,  January  23,  1900.  Mr.  C.  J. 
Reed  in  the  chair. 

The  following  officers  were  elected  for  the  current  year  :  President,  Prof. 
W.  S.  Franklin  ;  Vice-Presidents,  Messrs.  Joseph  Richards  and  Geo.  T.  Eyan- 
son  ;  Secretary,  Mr.  Richard  L.  Binder. 

The  paper  of  the  evening  was  read  by  Prof.  John  Price  Jackson,  State  Col- 
lege, Pennsylvania,  on  "  Electrical  Machinery  for  Use  in  Coal  Mining."  The 
subject  was  profusely  illustrated  by  means  of  lantern  slides. 

The  thanks  of  the  meeting  were  tendered  to  the  speaker. 

Adjourned.  W. 
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CHKMICAIv     SBCTTION. 

Special  Meeting,  held  Tuesday,  Ja7iuary  jo,  igoo. 
WHAT  IS  PARIANITE? 


By  S.  F.  Peckham. 


When  Trinidad  pitch  is  treated  in  such  a  manner  as  to 
separate  its  proximate  principles,  and  thus  reveal  its  chemi- 
cal structure  without  decomposing  them  ?  This  is  the  ques- 
tion that  I  propose  to  attempt  to  answer,  and  while  I  admit 
that  the  answer  is  incomplete  and  inadequate,  I  contend 
that  I  have  entered  a  course  of  investigation  that  will  ulti- 
mately lead  to  conclusions  that  will  be  final. 

THE   SPECIMENS. 

The  specimens  used  were  those  collected  by  myself  in 
1895.  They  were  fully  described  in  the  paper  published  by 
myself  with  Miss  Laura  A.  Linton,  in  the  Am.  Jour.  Science, 
for  March,  1896.  The  description  of  their  location  relative 
to  each  other  and  to  the  lake  is  thus  given  from  that 
paper: 
Vol.  CXLIX.     No.  8qi.  h 
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No.  I  was  picked  up  at  random  from  the  pitch  taken 
from  an  excavation  from  which  the  cargo  of  the  bark 
"  Ella  "  was  dug-,  during  February  and  March,  1895.     The 


THE 

FITCH  LAKE 

— AND  ITS  — 

ENVIRONS  - 


ornciAL  5uf^vEy<5. 


A  =  i^0/4D  rO  0/TOPOUCHE. 

B-RoAD  TO  Lake  and  Guapo, 

C  AND  O'f?0AD&  TO  POINTE  OoVEf? 

E- /Appro/ I  MATE  Location  og 
Powerhouse:  ANoTfjAMivAY. 


excavation  was  upon  a  village  lot  about  three-quarters  of  a 
mile  from  the  lake  towards  Point  La  Brea. 

No.  2  is  from  a  village  lot,  which  we   have  named  the 
"  Photograph   Lot."     It  was   here  that  a  pit  was   dug  and 
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photographs  taken  of  the  pit  at  intervals  of  ten  days  to 
determine  whether  any  movement  in  the  pitch  was  in  prog- 
ress by  which  a  cavity  dug  in  the  pitch  would  refill.  No.  2 
was  taken  from  the  pitch  removed  from  the  pit.  This  lot 
had  been  excavated  about  six  months  previous  and  had 
nearly  refilled,  and  was  then  being  uncovered  preparatory 
to  the  removal  of  a  fresh  supply  of  several  thousand  tons. 
The  pit  refilled  40  per  cent,  of  its  dimensions  in  ten  days. 
It  was  about  20  rods  nearer  Point  La  Brea  than  No.  i. 

No.  3  is  so-called  "  Iron  Pitch "  from  the  Photograph 
Lot.  This  is  pitch  that  has  been  melted  and  deprived  of 
its  water  and  gas.  It  is  solid,  of  a  bluish-black  color,  with 
a  dull  earthy  fracture,  and  is  slightly  sonorous  when 
struck. 

No.  4  was  taken  from  a  lot  on  the  right-hand  side  of 
the  road  approaching  the  lake,  that  was  being  excavated 
by  Mr.  Ghent.  It  came  from  a  point  10  or  15  feet  below  the 
surface  on  the  western  border  of  the  mass  filling  the  ravine 
down  which  the  overflow  of  pitch  from  the  lake  has  taken 
place,  and  nearly  on  the  opposite  side  of  the  road  from  the 
point  from  which  No.  10  was  taken. 

No.  5  is  No.  4,  boiled  to  form  Epuree,  in  Mr.  Ghent's 
boiling  works  near  Point  La  Brea. 

Nos.  6  and  7  were  from  opposite  corners  of  a  mass  about 
12  inches  square  and  4  inches  in  thickness.  This  mass  was 
taken  from  a  point  on  the  northeast  side  of  the  lake  on  the 
outside  of  and  near  to  the  tramway,  and  was  selected  of 
convenient  size  from  among  a  quantity  that  had  been 
broken  with  a  pick  preparatory  to  removal  in  the  tram  cars 
or  carts  by  the  Trinidad  Asphalt  Company. 

No.  8  is  from  an  average  from  the  same  piece  made 
up  by  breaking  fragments  from  many  points  upon  its 
surface. 

No.  9  is  from  the  center  of  the  lake  or  near  it.  The 
mass  was  soft  enough  to  flatten  in  the  shade,  but  did  not 
stick  to  the  paper  in  which  it  was  wrapped.  After  drying, 
it  became  rigid  and  brittle. 

No.  10  is  an  average  from  a  large  piece  taken  from  an 
excavation  being  made  by  the  Trinidad  Asphalt  Company 
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on  the  Bellevue  Estate  near  the  road  leading  to  the  lake. 
The  excavation  extended  along  the  road  for,  perhaps,  1,500 
feet,  and  was  narrow.  The  pitch  was  clean  and  pure,  but 
was  covered  by  rank  vegetation  that  grew  upon  and  in  the 
pitch  itself,  and  not  upon  soil  that  covered  it.  This  fact 
accounts  for  the  high  percentage  of  organic  matter  not 
bitumen,  although  the  piece  was  taken  several  feet  below 
the  surface. 

No.  1 1  is  a  decomposition  product  of  the  pitch  from  the 
Photograph  Lot. 

No.  12  is  another  decomposition  product  from  the  same 
lot.  It  resembled  coke  and  may  have  been  heated.  It  is 
the  only  material  resembling  coke  that  we  saw  in  or  around 
the  lake  and  the  amount  was  only  a  few  pounds. 

No.  13  is  also  a  decomposition  product  resembling  No. 
1 1  from  the  south  side  of  the  lake.  It  was  enclosed  by  a 
pellicle  of  sun-dried,  melted  pitch,  within  which  it  was  of  a 
light  brown  color  with  a  columnar  structure,  like  starch, 
and  was  very  easily  powdered. 

No.  14  is  from  a  pile  of  land  pitch  melting  on  the  beach 
•of  Point  La  Brea,  said  to  have  come  from  the  same  lot  as 

:no.  I. 

No.  15  was  brought  from  the  lake  about  1865,  by  the 
late  William  Atwood,  of  Portland,  Me. 

No.  16  is  from  the  southeast  side  of  the  lake  inside  the 
road,  and  was  cut  from  the  surface  at  a  spot  free  from  vege- 
tation. The  point  was  about  halfway  from  the  tramway  to 
.the  border  of  the  lake. 

No.  17  is  from  the  west  side  about  midway  of  the  tram- 
way loop,  where  men  were  loading  tram  cars.  It  was  picked 
up  from  under  the  feet  of  the  men. 

No.  18  is  iron  pitch,  on  the  northeast  side  of  the  lake 
near  where  the  left  limb  of  the  tramway,  looking  south, 
enters  upon  the  lake. 

No.  19  is  refined  land  pitch,  from  the  refinery  of  the 
Trinidad  Bituminous  Asphalt  Company,  at  Jersey  City,  N.  J. 
Jt  came  from  the  same  lot  as  No.  2. 

No.  20  is  refined  lake  pitch,  purchased  in  New  York  of 
•the  Warren-Scharf  Company. 
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No.  21  is  from  the  northeast  side  of  the  lake  near  the 
left  limb  of  the  tramway  looking  south. 

No.  22  is  from  the  northeast  side  of  the  lake  near  the 
right  of  the  left  limb  of  the  tramway  loop  looking  south, 
about  100  feet  from  No.  21. 

No.  23  is  from  the  northwest  side  of  the  lake  on  the 
west  side  of  the  right  limb  of  the  tramway  loop  looking 
south. 

No.  24  is  from  the  south  side  of  the  lake  near  where 
the  road  leaves  the  lake. 

No.  25  is  from  the  northwest  side  of  the  lake  on  the 
west  side  of  right  loop  of  the  tramway  looking  south  near  a 
"  blow  hole." 

No.  26  is  from  the  south  side  of  the  lake  near  where  the 
road  leaves  it,  about  100  feet  from  No.  24. 

No.  27  is  Epuree  from  the  boiling  works  of  the  Trinidad 
Asphalt  Company,  at  Point  La  Brea.  It  was  made  by  boil- 
ing a  mixture  of  Nos.  10,  8  and  9. 

Nos.  6,  7,  8,  9  and  17  represent  commercial  lake  pitch. 

Nos.  16,  21,  22,  23,  24,  25  and  26  represent  the  contents 
of  the  lake  occupying  the  annular  space  outside  the  tram- 
way and  embracing  hundreds  of  thousands  of  tons. 

Nos.  I,  2,  4,  10  and  14  represent  an  average  of  commercial 
land  pitch. 

Nos.  5  and  19  represent  refined  land  pitch. 

Nos.  20  and  27  represent  refined  lake  pitch. 

Nos.  3,  II,  12,  13  and  18  are  rubbish  as  far  as  commerce 
is  concerned,  and  are  introduced  here  to  show  that  there  is 
rubbish  in  the  lake  as  well  as  outside  of  it,  and  also  the 
relation  of  alteration  products  to  the  commercial  pitch. 
The  locations  of  the  several  specimens  are  shown  on  the 
accompanying  map. 

It  will  be  seen  that  these  specimens  consisted  of  five 
each  of  commercial  lake  and  land  pitch,  seven  from  the 
annular  space  between  the  tramway  and  the  circumference 
of  the  lake,  a  specimen  each  of  iron  and  chocolate  pitch 
from  both  the  lake  and  the  land,  a  specimen  resembling 
coke,  a  specimen  of  refined  lake  and  land  pitch,  two  speci- 
mens of  Epuree,  and  a  specimen  brought  from  the  lake  by- 
William  Atwood  about  1865. 
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THE    METHOD   OF    ANALYSIS. 

As  is  the  case  with  all  other  methods  of  chemical  inves- 
tigation, the  investigation  of  bitumens,  as  at  present  con- 
ducted, represents  a  growth.  The  starting-point  is  the 
classical  research  of  Boussingault,  first  described  in  1837. 
(yAnn.  de  Chein.  et  de  Phys.  (2),  LXIV,  141.) 

It  must  be  remembered  that  this  research  was  under- 
taken more  than  sixty  years  ago,  when  organic  chemistry 
was  in  its  infanc}-  as  compared  with  to-day,  and  when  the 
methods  of  investigation  with  which  the  chemists  of  to-day 
are  familiar  were  unknown.  It  detracts  nothing  from  the 
value  of  Boussingault's  work  to  say  that  it  is  worthless  as 
a  guide  in  modern  research. 

I  have  found  by  years  of  experience  that  solid  bitumens 
cannot  be  investigated  by  ordinary  methods  of  distillation. 
Trinidad  pitch,  either  lake  or  land,  is  decomposed  when 
heated  to  a  temperature  of  100°  C.  with  a  copious  evolution 
of  hydrogen  sulphide.  Whether  or  not  this  reaction  would 
attend  distillation  in  vacuo  I  do  not  know. 

The  methods  of  analysis  b}^  solution  remain.  Why  should 
objection  be  made  to  them  ?  Why  are  they  not  analytical  ? 
I  really  do  not  know.  Solution  may  certainly  be  properly 
considered  a  chemical  reaction,  and  the  more  solvents  that 
can  be  applied  to  a  solid  with  clearl3'-defined  results  that 
can  be  repeated  with  accuracy,  the  more  complete  must  be 
the  method  of  analysis.  To  dissolve  a  bitumen  in  carbon 
disulphide,  which  is  a  universal  solvent  for  bitumens,  does 
not  analyze  the  bitumen,  although  it  may  separate  the  bitu- 
men from  its  impurities  ;  but  to  subject  a  bitumen  to  the 
action  of  several  solvents  in  succession,  by  which  the  bitu- 
men can  be  referred  to  a  distinct  class,  is  a  valuable  analyti- 
cal process. 

These  considerations  have  been  impressed  upon  my  mind 
during  the  several  years  last  past,  in  which  I  have  been  at- 
tempting to  arrange  a  process  of  anal3'sis  that  shall  apply 
to  all  bitumens,  and  enable  the  analyst  to  distinguish,  both 
alone  and  in  mixtures,  the  several  varieties  of  bitumen,  in 
a  manner  similar  to  the  schemes  that  have  been  proposed 
for  alkaloids  or  other  organic  compounds. 
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Parianite  may  be  regarded  either  as  an  emulsion  of  gas. 
mineral  water ;  bitumen,  that  is,  compounds  of  carbon,  hy- 
drogen and  nitrogen,  oxygen  and  sulphur,  any  or  all  of  the 
last  three,  with  organic  matter  not  bitumen,  and  mineral 
matter  consisting  of  silica  and  clay  as  impurities ;  or,  it  may 
be  regarded  as  an  emulsion  of  gas,  water  holding  mineral 
salts  in  solution,  bitumen  as  above  described,  with  complex 
organic  salts  of  iron,  alumina,  lime  and  magnesia,  with 
ulmic  and,  perhaps,  other  peat  acids,  with  ferrous  sulphide, 
and  silica,  some  portions  of  which  are  in  combination  with 
the  other  ingredients  and  the  remainder  free.  Either  alter- 
native exhibits  a  very  complex  substance,  but  each  quite 
unlike  the  other.  By  what  means  can  it  be  determined  of 
what  the  mixture  really  consists?  Certainly  not  by  any 
process  that  separates  a  hypothetical  substance  called  pe- 
trolene  and  a  second  called  asphaltene,  a  third  called  organic 
matter  not  bitumen,  and  a  fourth  called  mineral  matter. 
One  might  just  as  well  analyse  a  log  of  wood  by  burning  it 
into  smoke,  flame  and  ashes. 

THE   GAS. 

We  will  begin  at  the  lake  with  the  gas.  I  visited  the 
lake  on  Point  La  Brea  on  four  different  days,  and  practi- 
cally walked  all  over  the  deposit,  both  inside  and  outside 
the  lake.  I  did  not  once  recognize  the  odor  of  hydrogen 
sulphide.  When  I  was  in  California  in  1865,  it  was  stated 
that  the  big  spring  on  the  upper  Ojai  plateau  discharged 
carburetted  hydrogen.  I  found  the  gas  would  not  burn,  and 
then  I  gathered  some  of  it  and  found  it  was  nearly  pure 
(carbonic  acid)  carbon  dioxide.  I  suspect  that  the  greater 
part  of  the  gas  discharged  from  the  lake  is  also  carbon  di- 
oxide. It  is  the  normal  product  of  the  deoxidation  of  the 
sulphates  contained  in  the  lake  water,  as  sulphuric  oxide 
yields  more  oxygen  than  is  sufficient  to  convert  the  bases 
present  into  carbonates.  No  doubt  the  deoxidation  of  the 
sulphates  in  the  water  is  attended  with  a  variety  of  re- 
actions resulting  in  a  variety  of  chemical  products,  of  which 
both  carbon  dioxide  and  hydrogen  sulphide  form  a  part. 
The  proper  place  to  investigate  these  gases  is  at  the  lake. 
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THE   LAKE   WATER. 

Mr.  Richardson  has  fully  investigated  the  lake  water, 
and  in  his  report  of  1892  he  gives  his  results  in  great  detail. 
The  water  used  by  him  was  taken  from  the  water  floating 
on  a  kettle  of  melted  pitch  that  was  being  refined.  It  was 
probably  more  highly  concentrated  than  lake  water,  and 
had,  perhaps,  lost  some  of  its  volatile  ingredients.  He 
gives  the  following  analytical  results  : 


IN    I    KII.OGRAM. 

Grams. 

CI     , 67757 

SO3 5*5409 

SO2 -0467 

S2O7 trace 

H^S " 

S " 

SiOa "0688 

B203 0117 

I '0008 

Br trace 

P2O5 none 

Na 6-5149 

NHi -4071 

K -3391 

Li "0271 

Ca -5280 

Mg •2666 

Fe '0720 

Al      trace 

Mn none 

Cs&Rb " 

Organic       '490i 

Oxygen       _ none 

2 1  •0896 

It  is  probable  that  these  results  indicate  but  do  not  repre- 
sent the  composition  of  lake  water.  They  also  indicate  the 
composition  of  the  water  saturating  the  pitch.  This  water, 
examined  by  Mr.  Richardson,  has  an  acid  reaction. 

In  the  paper  recently  published  by  Mr.  Richardson  {/our. 
Soc.  of  Chem.  Industry,  January,  1898),  he  gives  an  analysis  of 
water  from  a  spring  that  arose  in  the  pitch  : 
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IN    1    KILOGRAM. 

Grams. 

Specific  gravity i  0599 

Bolids  at  110°  C.  .    .  82-100 

Sodium,  Na 27*193 

Potassium,  K 0*528 

Chlorine,  CI 38-2x0 

Sulphuric  acid,  SO;, 3*207 

Calcium  oxide,  CaO trace 

Magnesium  oxide 0*506 

Carbonic  acid,  CO 2 3-700 

Silica,  SiOa 0*222 

Organic  matter ? 

73-566 

From  these  analyses  it  appears  that  the  lake  water  is 
rich  in  chlorides  and  sulphates  of  sodium  and  iron,  with 
iodides,  bromides  and  borates,  in  the  first  instance,  and  car- 
bonates in  the  second. 

AQUEOUS   SOLUTION   OF   THE   PITCH. 

One  hundred  grams  of  No.  8,  which  is  a  fine  specimen  of 
commercial  lake  pitch,  were  digested  with  successive  por- 
tions of  distilled  water  at  a  temperature  of  60°  to  70°  C, 
until  there  was  no  longer  a  reaction  for  either  CI  or  SO3. 
The  first  portion  contained  a  large  amount  of  ferrous  sul- 
phate. The  solution,  on  standing,  deposited  a  small  amount 
of  ferric  oxide.  The  solutions  were  concentrated  to  i  liter 
and  portions  of  100  cubic  centimeters  were  evaporated  over 
a  water  bath.  The  residue  contained  chloride  and  sulphate 
of  iron  and  sodium.  Probably  a  larger  portion  would  give 
reactions  for  all  the  soluble  salts  obtained  by  Mr.  Richard- 
son from  lake  water.  This  residue  also  contained  a  small 
amount  of  organic  matter  that  was  not  determined.  The 
percentage  of  this  residue  was   ri35  per  cent,  of  the  pitch. 

THE    ALKALINE    SOLUTION. 

It  is  impossible  to  visit  the  pitch  lake  without  observ- 
ing that  an  immense  amount  of  partially  decayed  vegeta- 
tion is  entombed  in  the  pitch.  Enormous  stumps  are  un- 
covered, with  trunks  and  branches  of  trees  in  every  stage 
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of  decay,  from  solid  wood  to  large  masses  of  humus  that  a 
kick  will  scatter,  precisely  as  if  they  were  found  in  the  peat 
of  a  bog.  This  humus  becomes  kneaded  and  incorporated 
with  the  pitch  precisely  as  is  the  mineral  matter,  and, 
what  has  not  been  properly  recognized,  the  humus  on  a 
colossal  scale  has  formed  those  peculiar  compounds,  the 
precise  natures  of  which  are  but  little  known,  but  which 
Mulder,  Boussingault  and  others  have  referred  to  amides 
and  double  salts,  in  which  ammonia,  the  peat  acids  and 
iron,  and  especially  alumina,  are  combined  into  exceedingly 
complex  compounds,  insoluble  in  water,  but  readily  yielding 
to  solutions  of  alkaline  hydrates  and  carbonates.  These 
reactions  are  brought  together  from  many  researches  and 
admirably  treated  by  Prof.  S.  W.  Johnson  in  his  "  How 
Crops  Feed,"  pp.  276-280,  to  which  the  reader  is  referred. 
The  treatment  there  recommended  to  be  applied  to  soils 
for  the  determination  of  the  humus  compounds  has  been 
applied  to  this  sample  of  Trinidad  pitch  with  the  most 
satisfactory  results,  and  a  flood  of  light  is  thrown  upon  the 
problems  presented  by  these  unique  and  complex  sub- 
stances. 4'9325  grams  of  the  dried  residue,  which  repre- 
sent 5 '000  grams  of  air-dried  pitch,  were  digested  in 
successive  portions  of  a  solution  of  dry  sodium  carbonate, 
5 '3  grams  to  i  liter  of  distilled  water.  The  first  portion 
was  colored  as  dark  as  port  wine  and  the  last  portion  was 
uncolored.  The  alkaline  solution  was  acidulated  with 
hydrochloric  acid  and  the  precipitated  ulmic  acid  was  col- 
lected  on  a  balanced  filter,  dried  at  100°  C.  and  weighed. 
The  ulmic  acid  represented  i"542  per  cent,  of  the  pitch. 
The  residue  from  the  sodium  carbonate  solution  was  then 
boiled  with  a  dilute  solution  of  sodium  hydrate  and  the 
dissolved  ulmin  was  precipitated  with  hydrochloric  acid  in 
considerable  amount. 

The  acid  solutions  were  neutralized  with  sodium  hy- 
drate, acidulated  with  acetic  acid  and  the  apocrenic  acid 
precipitated  with  acetate  of  copper.  Only  a  trace  of  crenic 
acid  was  precipitated  by  ammonia.  This  might  reason- 
ably be  expected,  as  crenic  acid  is  being  continually  con- 
verted   to  apocrenic  acid    by   contact   with  reducing   sub- 


Mar.,  1 900. J  W/taf  is  Parianite  ?  171 

stances,  of  which  bitumen  is  a  notable  instance.  I  am  in- 
clined to  think  that  Prof.  S.  W.  Johnson's  observation,  that 
ulmin  represents  only  the  ulmic  acid  of  difficultly  decom- 
posable ulmates,  is  correct  ("  How  Crops  Feed,"  p.  225, 
note).  It  is  well  known  that  ulmic  acid  and  ulmin  have  the 
same  composition,  but  the  first  is  readily  soluble  in  NaaCO.^, 
while  the  latter  requires  prolonged  boiling-  with  NaHO  for 
its  solution.  I  believe  that  the  ulmin  represents  only  the 
ulmic  acid  that  is  in  combination  with  alumina  and  iron, 
which  compounds  are  decomposed  with  considerable  diffi- 
culty. 

Wiley,  in  his  "  Principles  and  Practice  of  Agricultural 
Analysis,"  Vol.  I,  p.  28,  recommends  for  the  determination 
of  humic  and  ulmic  acids  the  use  of  the  Huston-Grandeau 
method,  as  follows  :  10  grams  of  the  soil  are  washed  with  a 
3  per  cent,  solution  of  HCl,  and  then  washed  into  a  500  c.c. 
cylinder  with  a  4  per  cent,  solution  of  ammonium  hy- 
drate. Shake  and  let  remain  in  a  horizontal  position  for 
thirty-six  hours.  Determine  the  humus  in  an  aliquot  part. 
This  is,  no  doubt,  a  very  good  method  for  ordinary  soils 
containing  free  peat  acids  and  their  salts  of  lime  and  mag- 
nesia ;  but,  used  on  No.  8,  the  amount  of  ulmic  acid  ob- 
tained was  only  0*044  per  cent,  against  i'542  per  cent,  ob- 
tained by  the  sodium  carbonate  method.  In  parianite  the 
peat  acids  are,  no  doubt,  combined  with  iron  and  alumina, 
as  only  traces  of  lime  and  magnesia  were  found  in  the 
HCl  solution. 

The  ammonia  that  has  been  observed  escaping  from 
kettles  of  melted  pitch  when  it  is  refined  is,  without  doubt, 
derived  from  the  amido  compounds  referred  to  above.  The 
relation  which  the  pitch  bears  to  a  soil  is  strikingly  shown 
in  the  luxuriant  vegetation  that  covers  the  pitch  wherever 
it  is  not  in  motion.  Outside  the  lake  a  tropical  jungle 
grows,  with  its  roots  penetrating  the  pitch  and  forming  a 
sod  of  great  tenacity,  which  often  renders  tons  of  the  pitch 
worthless  from  admixture  of  vegetable  matter.  Such  pitch 
is  universally  rejected. 
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THE    DETERMINATION    OF   WATER. 

The  pitch  is  taken  from  the  lake  dripping  wet.  It  be- 
gins to  dry  out  immediately,  but  it  requires  a  long  time  to 
completely  remove  the  water  if  the  lumps  are  unbroken.  It 
is,  however,  easily  dried  if  pulverized  and  placed  in  the  sun. 
By  thus  drying  to  a  constant  weight  the  water  may  be 
determined. 

Another  method  that  I  have  found  very  convenient  for 
determining  water  in  semi-fluid  or  solid  bitumens  is  to  dis- 
solve the  bitumen  in  refined  and  recently  distilled  illuminat- 
ing oil  and  distil  in  an  alembic  or  tubulated  flask,  collecting 
the  distillate  in  a  graduated  cylinder  and  measuring  the 
water,  which  may  be  estimated  to  weigh  a  gram  to  a  cubic 
centimeter  at  60°  F.  For  this  purpose,  at  least  50  grams  of 
the  bitumen  should  be  dissolved  in  200  cubic  centimeters  of 
the  liquid,  and  the  distillation  should  be  continued  until  no 
more  water  passes  over. 


PETROLEUM    ETHER   SOLUTION. 

For  this  determination  three  washed  filters  should  be 
balanced.  Into  two  of  them  should  be  weighed  i  gram  of 
the  pitch.  These  filters  should  be  placed  in  separatory  fun- 
nels and  exhausted  with  dry  petroleum  ether,  of  74°  B.  or 
higher,  as  rapidly  as  possible.  The  percentage  of  dry  pitch 
dissolved  by  the  petroleum  ether  will  vary  within  narrow 
limits  from  32  to  36  per  cent. 

Of  those  analyzed  by  Miss  Linton,  Nos.  6,  7,  8,  9  and  17 
were  commercial  lake  pitch.  They  contained  the  following 
named  amounts  of  petroleum  ether  solubles  : 


No. 


Petroleum 

Mineral 

Total 

To  Mineral 

Either. 

Matter. 

Bitumen. 

Matter. 

6  .    . 

•    .    36-650 

35-337 

•656 

7  •    . 

.    .    36-372 

35*975 

•671 

8.    . 

•    •    36-475 

35-712 

•657 

9  •    • 

.    •    35-950 

35-192 

•651 

7  •    • 

.    .    34-200 

35-645 

•672 

Average    .    .  35-929  35"572  i  :  -661 

Nos.  21,  22,  23,  24,  25,  26  and  16  were  from  the  annular 


Mar.,  1900.] 


What  is  Parianite  ? 


173 


space  between  the  tramway  and  the  edge  of  the  lake.     They 
were  all  specimens  of  good,  clean  cheese  pitch. 


No. 


Petroleum 
Ether. 
26925 

34725 
34  "41 2 
33'iS7 
34-900 
35 "362 
35 '400 


Mineral 

Total 

To  Mineral 

Matter. 

Bitumen. 

Matter. 

36-537 

•699 

36-310 

•688 

35-612 

•672 

36-175 

-686 

38-462 

•754 

38-762 

-774 

36-100 

•681 

36-851 

I 

•707 

Average    .    .  33-558 

Nos.   I,  2,  4,  10  and  14  are  samples  of   clean  commercial 
pitch,  from  points  outside  the  lake. 


No. 


Average 


Petroleum 
Ether. 

•  33-617 
■  33-620 

•  33-736 

•  33-730 

•  31-775 


33-295 


Mineral 
Matter. 
37-462 
36-201 

36-729 
35-886 
37-460 

36-747 


Total 
Bitumen. 
I 
I 
I 
I 
I 


To  Mineral 
Matter. 

•737 
•692 
•701 
-682 
•743 

•       711 


Placing  the  averages  together  they  give 


Petroleum 

Mineral 

Total 

To  Mineral 

Ether. 

Matter. 

Bitumen. 

Matter. 

C.  Lake    .    .    .  35-929 

35-572 

I 

:            -661 

Annular  Lake,  33-558 

36-S51 

I 

:            707 

C.  Land    .    .    .  33-295 

36-747 

I 

:            711 

Mr.  Richardson  raises  the  average  in  the  annular  space 
to  35*2  by  throwing  out  No.  21,  which  he  had  no  right  to  do, 
as  No.  21  was  a  specimen  of  clean  cheese  pitch  from  inside 
the  lake,  and  some  distance  beneath  the  surface.  There  is 
no  better  reason  for  throwing  it  out  than  for  throwing  out 
No.  17  from  the  lake  pitches. 

The  annular  space  from  which  the  seven  specimens  above 
enumerated  came  represents  80  per  cent,  of  the  surface  of 
the  lake  and  probably  70  per  cent,  of  the  entire  mass. 
This  70  per  cent,  is  constantly  moving  towards  the  center 
of  the  lake  as  the  pitch  is  removed  along  the  tramway. 

Taking  the  specimens  on  the  line  of  outflow  from  No. 
17  to  No.  2,  we  have  : 
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Petroleum  Mineral 

Ether.  Matter. 

No.  17 34"20o  35'645 

"       9 .35950  35'i92 

"       6 36650  35337 

"       7 36-372  35'975 

"       8 36-372  35712 

"     16      35"4oo  36-100 

"     10 33730  35'886 

"      4     33736  36729 

"      2 33'620  36201 

"       I 33-617  37-462 

Showing  conclusively  that,  with  slight  variations,  the 
mineral  matter  increases  from  No.  9  at  the  center  of  the 
lake  to  the  village  lots,  Nos.  i  and  2,  nearest  the  sea. 

The  petroleum  ether  soluble  in  my  five  specimens  of 
commercial  lake  pitch  is  on  an  average  i-i86  per  cent,  above 
that  of  the  twelve  lake  specimens.  The  seven  specimens 
that  represent  70  per  cent,  of  the  mass  in  the  lake  are  0-264 
per  cent,  above  the  five  specimens  that  were  all  clean  com- 
mercial land  pitch.  It  will  also  be  observed  that  the  ratio 
of  total  bitumen  to  mineral  matter  increases  in  the  averages 
given  from  i  :  -661  in  the  five  lake  specimens  to  i  :  71 1  in  the 
five  land  specimens.  Of  course,  if  the  mineral  matter  in- 
creases, the  other  ingredients  must  diminish.  These  differ- 
ences are  so  slight  that  really  it  is  very  wonderful  that  a 
mass  of  material  of  such  vast  magnitude  should  present 
such  striking  uniformity  of  composition. 

So  far  as  it  is  possible  to  use  Mr.  Richardson's  results  in 
a  similar  manner,  they  show  the  same  inverse  proportion 
between  the  amount  of  petroleum  ether  soluble  and  mineral 
matter  as  the  specimens  are  taken  from  points  removed 
from  the  center  of  the  lake. 

If  the  petroleum  ether  solution  be  allowed  to  stand,  it 
deposits  a  film  upon  the  surface  of  the  containing  vessel 
beneath  the  liquid.  This  deposit  is  not  a  precipitate.  If 
the  vessel  is  of  glass,  the  entire  surface  of  the  glass  beneath 
the  liquid  is  covered  with  the  film,  from  which  the  liquid 
may  be  cleanly  poured.  This  film  readily  dissolves  in  chlo- 
roform to  a  transparent  solution.  This  chloroform  solution 
evaporated  to  dryness  over  a  water-bath  gave  r884  per  cent. 
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of  the  pitcli,  of  a  brilliant  black  solid,  which,  when  heated, 
melted,  distilled,  intumesced  and  burned  to  a  very  porous 
light  ash  that  appeared  to  be  alumina.  The  ash  amounted 
to  41 '508  per  cent,  of  the  solid  mass  or  0-0782  per  cent,  of 
the  pitch. 

If  the  petroleum  ether  soluble  be  treated  in  solution 
with  fuming  nitric  acid  an  orange-colored  nitro  derivative 
is  obtained,  from  which  the  petroleum  ether  may  be  easily 
distilled.  An  examination  of  these  nitro  derivatives  is  a 
much  more  promising  field  for  research  than  the  products 
of  distillation,  contaminated  as  they  are  with  the  inevitable 
decomposition  products  of  high  temperatures. 

THE   TURPENTINE    SOLUTION. 

When  in  California,  in  1894,  I  treated  100  grams  of  lake 
pitch  with  boiling  spirits  of  turpentine,  and  upon  adding 
to  the  solution  a  large  excess  of  petroleum  ether,  obtained 
a  copious  brown  precipitate.  I  gathered  this  precipitate  on 
a  filter  and  washed  it  with  petroleum  ether,  in  which  it  is 
wholly  insoluble.  It  is  also  insoluble  in  ethyl  ether  and 
ethyl  and  methyl  alcohol.  Heated  in  a  platinum  crucible, 
it  yields  a  large  percentage  of  ash.     This  ash  consisted  of : 

Silica — 

Alumina — 

Iron — 

For  a  long  time  1  supposed  this  precipitate  was  asphaltene, 
but  on  attempting  to  determine  the  sulphur  in  it  I  found  it 
was  an  organic  compound  of  silica  and  alumina.  I  have 
not  yet  completed  my  investigation  of  this  material,  which  I 
believe  is  a  double  salt  of  alumina,  containing  ulmic  acid. 
More  than  12  per  cent,  of  the  precipitate  maybe  dis- 
solved in  solution  of  sodium  carbonate  and  a  still  larger 
percentage  may  be  dissolved  in  solution  of  sodium  hydrate, 
from  both  of  which  solutions  hydrochloric  acid  will  precipi- 
tate an  organic  acid.  This  material  also  furnishes  a  much 
more  inviting  field  for  research  than  the  decomposition 
products  of  distillation.  Dr.  Endemann  isolated  from  the 
residue  that  he  obtained  by  his  peculiar  process  a  substance 
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that  he  called  asphalt-ulmic  acid.  It  is,  no  doubt,  ulmic  acid 
that  had  survived  the  fiery  ordeal  through  which  his  resi- 
due had  been  made  to  pass,  and  was  one  of  the  few  con- 
stituents of  the  original  parianite  that  had  escaped  de- 
composition. 

THE    CHLOROFORM    SOLUBLE. 

When  the  residue  left  on  the  filter  from  treatment  with 
boiling  spirits  of  turpentine  is  treated  with  cold  chloroform, 
a  third  portion  is  dissolved.  The  percentage  varies  with  the 
pitch.  In  those  analyzed  by  Miss  Linton  it  varied  in  the 
five  land  pitches  from  3"i39  to  8*185,  in  the  lake  pitches 
from  2-137  to  7'222,  and  in  those  from  the  annular  space 
from  4*8oo  to  6*990.  In  the  rubbish  it  varied  from  1*300  to 
15*112.     The  average  of  the 

Per  Cent. 

Five  land  pitches 6"504 

Five  lake  pitches 5*012 

Seven  annular  pitches 5*604 

Five  rubbish io'334 

The  two  Epurees  were  2*675  P®^  cent,  and  9*187  per  cent. 
The  two  refined  pitches  were  6*002-  per  cent,  and  6*297  per 
cent. 

When  the  soluble  is  evaporated  from  the  chloroform  it 
forms  a  brilliant,  black,  hard  varnish.  Heated,  the  varnish 
melts,  intumesces,  gives  off  heavy  vapors  which  burn  with 
a  smoky  flame,  leaving  a  red  ash,  consisting  chiefly,  if  not 
wholly,  of  ferric  oxide.  In  one  instance  a  portion  of  this 
varnish  yielded  0*779  P®^  cent,  of  this  ferruginous  ash. 

This  soluble  is  precipitated  from  its  solution  in  benzole 
or  chloroform  upon  the  addition  of  an  excess  of  petroleum 
ether,  as  a  seal-brown  powder.  This  precipitate  may  be 
washed  with  petroleum  ether,  ethyl  alcohol  or  ether,  in  all 
of  which  it  is  insoluble.  Analyses,  that  have  been  fully 
described  elsewhere,  and  for  which  no  claim  for  absolute 
accuracy  is  made,  have  shown  this  precipitate  to  consist  of 
an  organic  sulpho-salt  of  iron  {Jour.  Soc.  Chem.  bid.,  De- 
cember, 1897,  No.  12,  Vol.  XVI).  Here  is  also  a  more  profit- 
able field  for  research  than  is  found  among  the  decompo- 
sition products  of  distillation. 
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THE    IIVl)R(JCHLORTC    ACID    SOLUTION. 

Whenever  limestone  forms  any  part  of  a  bituminous 
mixture,  whether  natural  or  artificial,  it  is  essential  that  it 
should  be-determined.  When  crushed  stone  is  used,  some 
portion  of  it  is  usually  soluble  in  hydrochloric  acid.  Gyp- 
sum is  also  dissolved  by  it,  and  may  be  detected  by  testing 
the  solution  for  sulphuric  acid.  A  very  small  percentage 
of  the  residue  of  parianite  after  chloroform  is  soluble  in  a 
10  per  cent,  solution  of  hydrochloric  acid.  I  have  not  ascer- 
tained what  elements  enter  this  solution. 

THE    RESIDUE. 

That  which  remains  on  the  filter  after  treatment  with 
hydrochloric  acid  consists  of  cellulose  and  humus,  mixed 
with  such  mineral  matter  as  is  not  in  organic  combination 
in  the  pitch.  The  organic  matter  cannot  be  burned  off 
without  decomposing  pyrite  and  burning  out  more  or  less 
of  the  sulphur,  as  the  ash  of  the  filter  is  usually  saturated 
with  ferric  oxide  in  the  form  of  colcotha.  The  proper  pro- 
cedure is  to  cut  the  filter  in  small  pieces,  mix  these  pieces 
with  sodium  carbonate  and  potassium  nitrate  and  defla- 
grate. The  silica,  iron  and  alumina  can  then  be  determined 
while  the  sulphur  appears  as  sulphuric  acid,  in  the  usual 
wa}'.  By  determining  the  sulphur  in  another  portion  of  the 
pitch  in  like  manner  and  deducting  the  sulphur  found  in  the 
residue  from  the  whole  amount  of  sulphur,  the  sulphur  in  or- 
ganic combination  can  be  ascertained.  At  the  same  time 
that  this  total  amount  of  sulphur  is  determined,  the  total 
amounts  of  silica,  alumina  and  iron  can  also  be  correctly 
determined.  This  correct  total  amount  of  mineral  matter 
will  be  found  to  be  considerably  in  excess  of  the  amount 
found  by  the  usual  method  of  analysis  by  solvents;  inas- 
much as  an  appreciable  amount  of  alumina  and  iron  in 
combination  with  organic  radicals  pass  into  solution,  which 
exist  in  the  pitch  dissolved  in  the  bitumen,  and  which  in 
the  process  of  analysis  pass  into  the  solutions  formed  b}'  the 
various  solvents  employed. 

In  the  remarks  made  by  Mr.  Clifford  Richardson,  at  the 
Vol.  CXLIX.     No.  8gi.  12 
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time  the  paper  was  read,  of  which  myself  and  my  son  were 
joint  authors  (Jour.  Soc.  Chem.  hid.,  May  31,  1897),  he  was 
made  to  observe  (I  quote  from  memory)  "that  the  percent- 
ages given  were  percentages  of  the  ash.  Adding  together 
the  19  and  21  made  32,  The  silica  and  oxide  of  iron  made 
up  the  total."  In  this  he  was  mistaken.  The  percentages 
given,  19T82  per  cent,  and  2n68,  amount  to  40"350.  In  the 
ordinary'  method  of  analysis  by  solvents,  with  combustion 
of  "organic  matter  not  bitumen"  and  determination  of  the 
residue  from  the  combustion,  the  organic  matter  not  bitu- 
men amounted  to  8'507  per  cent,  and  the  mineral  matter  to 
32*243  per  cent.  How  large  a  part  of  the  organic  matter 
not  bitumen  was  sulphur  cannot  be  conjectured;  but  no 
question  can  be  entertained  for  a  moment  that  a  very  con- 
siderable portion  of  the  3"639  per  cent,  of  sulphur  is  lost  in 
that  way.  Whatever  the  amount  may  be,  the  total  per  cent, 
of  material  that  is  not  bitumen,  obtained  by  solution,  is 
40750,  while  the  sulphur,  silica,  alumina  and  iron,  by  the 
direct  method  amounts  to  43 "989  per  cent.  19  and  21  make 
40,  instead  of  32,  as  Mr.  Richardson  suggested. 

In  the  paper  lately  published  by  Mr,  Richardson  {Jour. 
Soc.  Chem.  Ind.,  January  31,  1898),  and  which  I  have  else- 
where noticed  {Jour.  Soc.  Chem.  Ind.,  November  30,  1898,  p. 
1003),  he  di;aws  some  very  extraordinary  conclusions,  which 
he  states  as  follows:  "The  additional  determinations  of 
bitumen  made  by  Professor  Peckham  with  chloroform  also 
furnished  some  additional  and  conclusive  evidence  of  the 
difference  between  the  two  kinds  of  material  (pitch  from 
within  and  without  the  lake).  These  show  that  the  average 
land  specimen  contains  2*4  per  cent,  more  of  its  bitumen  in 
this  difficultly  soluble  form,  while  iron  pitch,  which  is 
acknowledged  to  be  of  no  value  for  paving  purposes  and  is 
always  rejected  in  digging  land  pitch,  has  7*3  per  cent,  more 
of  its  bitumen  in  this  form.  From  this  we  can  draw  the 
inference  that  the  land  pitch  collected  by  Professor  Peck- 
liam  is  one-third  converted  into  iron  pitch,  and  of  so  much 
less  value  than  lake  pitch  for  paving  purposes.  In  fact,  his 
results  are  conclusive  evidence  of  the  differences  between 
lake  and  land  pitch  as  any  that  have  been  offered,  and  con- 
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firm  the  result  of  experience  with  the  a.sphalt  from  the  land 
deposit  in  the  laying  of  street  pavements." 

This  remarkable  paragraph,  in  the  first  place,  is  incor- 
rect in  its  arithmetic ;  in  the  second  place,  in  assuming  any 
relation  between  commercial  pitch,  either  lake  or  land,  and 
iron  pitch,  hence  in  assuming  that  any  ratio  exists  between 
lake  and  iron  pitch.  Using  Mr.  Richardson's  figures,  the 
chloroform  soluble  of  the  average  lake  specimens  is  9'848 
per  cent,  of  the  total  bitumen  in  those  specimens.  In  the 
land  specimens  the  chloroform  soluble  is  12*572  per  cent, 
of  the  total  bitumen.  In  the  single  iron  pitch  selected  by 
him  (3)  the  chloroform  soluble  is  1 7*308  per  cent,  of  the 
total  bitumen.  The  differences  are  2*724  and  7*460  per  cent. 
The  average  chloroform  soluble  in  the  five  commercial  lake 
specimens,  6,  7,  8,  9  and  17,  correctly  determined,  is  9*331 
per  cent,  of  the  total  bitumen.  In  the  seven  specimens  in 
the  annular  space  between  the  tramway  and  the  circum- 
ference of  the  lake,  Nos.  21,  22,  23,  24,  25,  26  and  16,  the 
chloroform  soluble  averages  10*771  per  cent,  of  the  total 
bitumen.  In  the  five  commercial  land  pitches,  Nos.  i,  2,  4, 
10  and  14,  the  chloroform  soluble  averages  12*569  per  cent. 
The  chloroform  soluble  in  the  iron  pitches,  Nos.  3  and  18, 
averages  22*709  per  cent,  of  the  total  bitumen.  Arranged 
in  order  with  differences  according  to  Mr.  Richardson's 
argument,  they  are : 

Lake 9-331 

Annular  .......  10*771  difference i'44o 

Land .  12*569  "  3*238 

Iron      22*709  "  13*378 

According  to  Mr.  Richardson's  argument,  the  pitch  in  the 
annular  space  is  one-sixth  converted  into  iron  pitch  and  the 
land  pitch  is  one-fourth  converted  into  iron  pitch.  Keep- 
ing on  with  the  argument,  the  lowest  ratio  of  chloroform 
soluble  to  total  bitumen  in  any  of  the  specimens  examined 
by  Miss  Linton  is  in  No.  8.  In  this  specimen  the  chloro- 
form soluble  is  3*932  per  cent,  of  the  total  bitumen.  This 
specimen  came  from  outside  the  tramway.  In  No.  9,  from 
the  center  of  the  lake,   the  chloroform   soluble   is   io*668 ; 
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that  is,  the  pitch  at  the  center  of  the  lake  is  nearly  three 
times  nearer  iron  pitch  than  that  outside  the  tramway.  In 
No.  17,  just  outside  the  tramway  on  the  southwest  side, 
the  chloroform  soluble  is  13 "648,  or  four  times  nearer  iron 
pitch  than  No.  8  on  the  northeast  side.  Or,  according  to 
this  argument,  assuming,  as  we  have  a  right  to,  that  pure 
pitch  has  no  chloroform  soluble,  that  the  pitch  at  the  cen- 
ter of  the  lake  is  one-half  converted  into  iron  pitch.  The 
fact  of  the  case  is,  however,  that  iron  pitch  is  not  a  decompo- 
sition product,  nor  is  the  chloroform  soluble  an  effect  of 
decomposition,  although  the  accumulation  of  this  ingre- 
dient of  the  pitch  in  large  amount  may  apparently  result 
from  the  decomposition  and  partial  removal  of  the  other 
constituents.  Nos.  1 1  and  13  are  so-called  "  chocolate  pitch." 
The  material  is  plainly  the  result  of  a  sort  of  partial  decay 
of  the  pitch.  The  average  percentage  of  petroleum  ether 
soluble  in  these  two  specimens  is  only  38'98o  per  cent,  of 
the  total  bitumen,  while  the  chloroform  soluble  is  26"824 
per  cent,  of  the  same.  Chocolate  pitch  is  found  in  very 
small  quantity  in  the  deposit  wherever  the  conditions  are 
favorable  to  its  production,  but  it  is  not  a  commercial 
product.  Iron  pitch  has  been  formed  by  the  melting  and 
partial  distillation  of  the  pitch  from  jungle  fires,  and  is  so 
uniformly  rejected  from  the  commercial  pitch  that  it  is  al- 
most impossible  to  find  a  piece  of  appreciable  size  in  a  cargo 
of  crude  pitch. 

THE    ORGANIC    MATTER   NOT   BITUMEN. 

In  the  seventeen  specimens  of  crude  pitch,  taken  from 
as  many  different  points,  both  within  and  without  the  lake, 
the  so-called  organic  matter  not  bitumen  was  found  to  be 
on  an  average  11-074  per  cent,  of  the  pitch.  Precisely  of 
what  this  consists  has  not  been  determined.  It  is  obtained 
by  burning  the  residue  that  remains  from  the  solution  in 
chloroform,  at  a  dull  red  heat.  If  the  pitch  is  not  finely 
pulverized,  but  is  treated  in  co?.rre  lumps,  the  residue  from 
the  chloroform  contains  fragments  of  vegetation  of  appre- 
ciable size.  There  is  also  a  considerable  amount  of  an  ex- 
ceedingly fine  gray  powder   that   is    easily  recognized  as 
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ferrous  sulphide.  A  determination  of  the  sulphur  in  this 
residue  gave  0-8844  per  cent,  of  the  pitch  ;  this  is  equiva- 
lent to  9793  per  cent,  of  the  residue,  or,  i8"368  per  cent,  of 
the  residue  of  ferrous  sulphide.  These  figures  are  sugges- 
tive rather  than  final. 

THE    MINERAL    MATTER. 

This  is  the  residue  left  in  the  crucible  after  the  organic 
matter  not  bitumen  has  been  burned  off.  It  consists  of 
grains  of  silica  with  a  small  amount  of  alumina  and  a 
much  larger  proportion  of  ferric  oxide  in  the  form  of  col- 
cotha,  which  indicates  that  it  is  a  product  of  decomposi- 
tion, and  that,  too,  of  a  substance  that  is  very  intimately- 
mingled  with  the  entire  mass  of  the  residue  and  even  the 
fiber  of  the  paper.  The  paper  is  as  completely  filled  with 
anhydrous  ferric  oxide  as  if  it  had  been  previously  soaked 
in  a  saturated  solution  of  ferrous  sulphate. 

The  average  totals  of  this  mineral  matter  in  the  seven- 
teen specimens  of  normal  crude  pitch  is  36'444  per  cent. 
If,  however,  the  mineral  matter,  that  is,  the.  silica,  alumina 
and  sulphur,  are  directly  determined,  they  will  amount  to  : 

Per  Cent. 

Silica i9"593 

Iron  and  alumina      20'272 

Sulphur 3-505 

Total      43'370 

By  solution 36'444 

Difference 6*926 

This  difference  of  nearly  7  per  cent,  is  certainly  repre- 
sented by  constituents  of  the  pitch,  a  part  of  which  pass 
into  solution  in  the  solvents  of  the  pitch  and  a  part  of 
which  are  volatilized  as  "  organic  matter  not  bitumen." 

I  am  satisfied  to  frankly  admit  that  at  present  we  know 
very  little  concerning  the  composition  of  parianite,  and 
further,  to  state  my  belief  that  nothing  of  any  material 
value  will  be  added  to  our  present  scant  information  until 
it  is  investigated  rationally  instead  of  empirically.  This  is 
a  work  of  a  lifetime. 

Ann  Arbor,  Mich.,  June  i,  1898. 
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Discussion. 

Dr.  H.  Endemann  : — I  shall  confine  my  remarks  mainly 
to  the  methods  of  analyzing  asphalts.  There  are  at  present 
two  methods  in  use  : 

(i)  Examination  of  asphalt  by  the  successive  use  of 
solvents. 

(2)  The  analysis  of  asphalt  based  upon  the  volatility  of 
some  constituents  and  the  determination  of  the  elementary 
composition  of  the  non-volatile  portion. 

Prof.  S.  F.  Peckham,  following  the  lead  of  C.  Richard- 
son, is  the  representative  of  the  first  method,  while  I  have 
devised  the  latter. 

In  my  papers  on  asphalt,  published  in  the  Journal  of  the 
Society  of  Chemical  Industry,  during  the  years  1897  to  1899, 
I  have  shown,  by  qualitative  tests  and  quantitative  determi- 
nations, that  the  analysis  of  asphalt  attained  by  the  suc- 
cessive use  of  solvents  is  not  an  analysis  at  all,  according  to 
the  standpoint  of  the  chemist. 

To  divide  a  mixture  into  fractions  each  of  which  con- 
tains all  the  elements  of  the  original  mixture  is  not  an 
analysis. 

My  results  show  that  the  fractions  obtained  by  this 
method  of  examination  are  mixtures  of  all  the  constituents 
in  asphalt  in  varying  proportions. 

The  fraction  obtained  with  petroleum  ether  contains  the 
bulk  of  the  volatile  and  stable  hydrocarbons,  but  it  contains 
twice  as  much  of  non-volatile  hydrocarbons  and  organic 
substance  containing  oxygen.  The  residue  is  the  same, 
only  that  it  contains  less  of  the  volatile  hydrocarbons.  If 
this  residue  is  treated,  as  proposed,  by  spirits  of  turpentine, 
this  solvent  will  remove  the  last  of  the  volatile  hydro- 
carbons, together  with  a  corresponding  quantity  of  the 
non-volatile  portion.  The  proportion  of  the  latter  which 
goes  into  solution  depends  entirely  upon  the  amount  of  the 
volatile  portion  left  in  the  residue  from  the  first  treatment. 
If  no  volatile  hydrocarbons  have  been  removed  from  an 
asphalt,  the  whole  of  the  bitumen  is  soluble  in  spirits  of 
turpentine. 


\ 
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The  following  is  a  short  history  of  asphalt  analysis. 

The  first  to  investigate  asphaltum  was  Bonssingault. 
He  made  an  elementary  analysis  of  the  asphalt  of  Pechel- 
beron  and  found  that  it  contained  aside  of  carbon,  hydrogen^ 
sulphur  and  nitrogen,  about  2\  per  cent,  of  oxygen.  He 
then  subjected  it  to  distillation,  when  he  obtained  an  oil  of 
the  approximate  composition  C„;H|,.„  and  a  very  much  larger 
quantity  of  a  solid  residue  containing  15  per  cent,  of 
oxygen.  The  oil,  which  is  really  a  mixture  of  hydrocarbons, 
he  called  petrolene  and  the  latter  asphaltene.  That  the 
latter  product  must  be  a  product  of  a  process  of  oxidation 
is  evident.  Say  that  he  obtained  60  per  cent,  of  asphaltene 
with  15  per  cent,  oxygen,  the  original  asphalt  should  have 
contained  9  per  cent,  of  oxygen  in  the  place  of  2\  found. 
This  proves  the  process  of  oxidation  without  doubt. 

Boussingault  did  not  pursue  the  subject. 

At  the  meeting  of  the  American  Chemical  Society,  held 
in  Washington  during  the  summer  of  1892,  C.  Richardson 
read  a  paper  on  "Trinidad  Asphalt,"  where  he  first  intro- 
duced the  method  of  examination  by  successive  use  of  sol- 
vents, and  introduced  it  as  a  simplification  of  the  discredited 
Boussingault  method,  claiming  that  the  petroleum  ether  ex- 
tract was  practically  the  same  as  the  petrolene  of  Boussing- 
ault;  hence  he  called  this  extract  petrolene.  It  occurred  to 
me,  then,  that  Richardson's  claim  that  the  analysis  was  a 
simplification  of  Boussingault's,  and  practically  alike  in 
effect,  was  at  least  very  doubtful.  I  did  at  that  time  not 
discuss  his  paper  for  the  reason  that  I  desired  confirmation 
of  my  suspicions  by  practical  experiment. 

Whether  he  really  tried  to  identify  the  petroleum  ether 
extract  with  Boussingault's  petrolene  is  doubtful.  Certain 
it  is  that  he  used  the  name  petrolene  for  his  petroleum  ether 
extract,  and  it  is  likewise  certain  that  if  he  had  earnestly 
tried  to  compare  the  two,  he  should  have  observed  that 
only  one-third  of  the  petroleum  ether  extract  consists  of 
volatile  hydrocarbons  or  Boussingault's  petrolene,  while 
two-thirds  are  fixed  bodies. 

Of  reasons  which  caused  me  to  look  with  suspicion  upon 
the  new  method,  I  mentioned,  for  instance,  logwood  extract. 
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The  poorer  brands  of  the  liquid  extract  are  perfectly  clear 
syrupy  liquors,  which,  when  dropped  into  water,  separate 
into  a  water-soluble  part  and  a  muddy  precipitate.  The  lat- 
ter, when  brought  upon  filter,  is  found  to  be  insoluble  in 
water. 

But  asphalt  is  a  similar  substance.  I  have  in  this  bottle  a 
solution  of  asphalt  in  petroleum  ether,  and  in  the  second 
bottle  pure  petroleum  ether,  same  as  was  used  for  the  prep- 
aration of  the  extract.  I  now  pour  some  of  the  solution  into 
petroleum  ether,  and  you  can  now  see  already  that  the  solu- 
tion becomes  turbid,  and  at  the  end  of  the  hour  you  will  ob- 
serve a  precipitate  covering  the  bottom  of  this  four-ounce 
bottle  with  a  layer  of  precipitate  about  y\j^  inch  in  thickness. 

These  examples  show  that  the  solubility  of  one  substance 
in  another  is,  to  a  great  extent,  governed  by  the  presence  of 
a  third  substance  and  the  concentration. 

Prudence  prescribes  that  in  preparing  a  method  the  pos- 
sibilities of  such  interference  are  considered  and  deter- 
mined. 

In  the  case  of  this  method  these  precautions  have  been 
neglected  entirely. 

The  reasons  that  I  had  not  accepted  the  method  by  sol- 
vents are  based  upon  the  following  experiments : 

I  took  the  petroleum  ether  extract  left  after  the  evapora- 
tion of  the  petroleum  ether  and  heated  it  for  a  short  time  to 
a  temperature  near  the  one  used  in  refining.  I  found  that 
I  could  drive  off  in  two  hours  one-third  of  its  weight.  The 
residue,  or  two-thirds  of  the  extract,  was  a  solid,  but  could 
then  again  be  divided  in  a  petroleum  ether  soluble  and  in- 
soluble fraction. 

There  was  in  this  process  no  actual  distillation, but  simply 
evaporation  much  below  the  boiling  point  of  the  volatilized 
substances.  There  was  no  flame,  smoke  or  ashes  in  this  pro- 
cess, as  Mr.  Peckham  desires  to  imply. 

As  further  steps  I  ascertained  that,  if  this  evaporation  in 
air  is  prolonged,  it  is  accompanied  by  dehydrogenation 
and  oxidation  by  addition  of  oxygen,  and  also  that  such 
changes  may  be  obviated  if  the  evaporation  of  the  stable 
volatile  hydrocarbons  is  effected  in  a  current  of  an  inert  gas. 
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for  which  I  selected,  for  convenience,  carbon  dioxide.  These 
points  were  elicited  by  a  series  of  elementary  analyses. 

The  line  of  investigation  partly  outlined  here  and  followed 
up  step  by  step  landed  me  on  the  following  facts  : 

Asphalt  consists : 

(i)  Of  a  solid  body,  non-volatile,  or,  if  volatile,  at  a  very 
high  temperature  only,  which  forms  the  body  of  the  asphalt 
and  is  the  predominant  constituent. 

This  solid  body  is  in  some  asphalts  a  hydrocarbon,  with 
less  hydrogen  than  any  of  the  petrolene  hydrocarbons.  Its 
composition  corresponds  to  the  formula  C26H,.j8.  Isomers 
of  this  I  have  so  far  not  found.  It  has  been  found  in  liquid 
asphalts. 

Higher  oxidized  and  hard  asphalts  may  contain  this,  but 
they  are  characterized  by  the  presence  of  an  oxygen  com- 
pound or  oxygen  compounds. 

My  first  investigations  led  me  to  a  formula  CoeHagOo,  but 
lately,  with  new  asphalts,  I  have  been  led  to  a  formula 
CjoHj^Oo.  The  first  contains  8*5  per  cent,  oxygen  ;  the  latter, 
iO"5  per  cent,  oxygen  ;  both  oxidize  alike  when  heated  in  a 
current  of  air  to  about  200^-250°  C,  the  first  yielding  a 
compound  with  \^\  per  cent,  oxygen;  the  latter,  one  with 
23  per  cent,  oxygen.     (Asphaltic  acid  or  oxide.) 

Other  homologues  I  have  so  far  not  found. 

(2)  Volatile  hydrocarbons,  mostly  liquid,  which  are  pres- 
ent in  smaller  quantity  and  which  have  been  called  "  petro- 
lenes." 

The  substances  under  i  are  solids  which  are  softened 
by  those  under  2  in  the  same  way  as  80  rosin  and  20 
spirits  of  turpentine  make  100  turpentine. 

I  have  further  shown  that  asphaltic  acids  dissolve  in 
caustic  soda  under  absorption  of  oxygen,  forming  asphaltul- 
mic  acid.  It  is  not  in  asphalt,  or  certainly  is  not  contained 
in  the  bitumen  ;  it  was  simply  prepared  by  me  in  the  hope 
of  settling  the  nature  of  the  products  from  which  it  is  de- 
rived. I  also  desire  to  say  that  in  my  opinion  the  ulmic 
acid  obtained  by  Peckham  from  Trinidad  pitch  by  the  pro- 
cess described  in  his  paper  is  derived  from  the  spirits  of 
turpentine  used  in  its  preparation,  for  spirits  of  turpentine 
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almost  always  give  a  precipitate  on  addition  of  petroleum 
ether,  which  precipitate  is,  after  drying,  soluble  in  carbonate 
of  soda.  I  have  ascertained  that  the  residue  left  from  the 
petroleum  ether  extract  or  the  whole  of  the  bitumen  with- 
out intervention  of  spirits  of  turpentine  do  not  give  any- 
thing to  soda,  except,  perhaps,  invisible  traces. 

Asphalts  invariably  contain  some  sulphur  and  nitrogen, 
and  while  I  was  in  the  belief  that  these  all  pass  off  with 
the  petrolenes,  I  found  them  later  on  in  all  products  if  they 
once  were  incorporated. 

In  many  asphalts  sulphur  may  be  almost  entirely  removed 
by  washing  with  water.  If  such  asphalts,  however,  are 
refined,  i.  e.,  heated  to  a  considerable  degree  before  wash- 
ing, the  bitumen  will  contain  sulphur,  and  this  sulphur  will 
p^ss  through  the  whole  series  of  products.  In  what  form 
this  sulphur  exists  I  am  not  prepared  to  say,  nor  do  I 
know  in  which  form  the  nitrogen  exists,  except  that  I 
have  so  far  not  been  able  to  extract  from  asphalt  nitro- 
genous basic  substances. 

Sulphur  does  not  act  in  asphalt,  as  Lefkowitch,  of  Lon- 
don, says,  when  he  suggests  that  it  plays  the  same  role  in 
asphalt  as  in  the  vulcanization  of  rubber.  It  would  be 
interesting  to  hear  on  what  data  his  belief  is  founded. 

I  have  shown,  also,  that  the  belief  of  others  is  not  well 
founded  in  this  respect.  So-called  analyses  which  were 
made  to  prove  the  fact  and  likewise  deny  my  assertion  of 
the  presence  of  oxygen  in  some  asphalts  I  have  shown  to 
be  unreliable. 

For  instance,  Richardson,  in  the  Journal  of  the  Soc.  of 
Chem.  Industry,  1898,  p.  20,  shows  how  he  calculates  the  com- 
position of  the  organic  substances  in  asphalt  in  the  follow- 
ing manner  : 

As  Obtained.         Organic  Matter. 

Carbon io-6o  52  65 

Hydrogen 1-55  769 

Sulphur 2"o8  io'32 

Nitrogen 042  2*05 

Mineral  matter  (ashes) 79  85  — 

Oxygen  by  diflfereuce 5-50  27^29 

It  is  certainly  quite  original  with  him,  but  I  am  inclined 
to  think  that  his  lead  will  not  be  followed. 
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Sulphur  is,  in  my  opinion,  in  asphalt  for  the  reason  that 
sulphates  have  passed  their  oxygen  for  the  oxidation  of 
organic  matter.  It  is  not  the  determining  substance,  but 
an  incident,  a  residue  from  a  chemical  reaction,  the  same 
as  we  look  upon  sulphates  as  the  sources  of  pyrites  in 
bituminous  coal  or  other  carboniferous  minerals. 

In  order  to  show  that  it  is  the  oxygen  mainly  which 
produces  the  bitumen,  I  have  undertaken  to  prepare  asphalt 
from  petroleum  under  conditions  which  prevent  sulphur 
from  acting  on  the  organic  material. 

The  material  used  by  me  were  heavy  lubricating  oils 
from  the  Standard  Oil  Company,  ichd  grams  of  this  were 
treated  with  a  solution  of  300  grams  bichromate  of  potash, 
600  grams  sulphuric  acid,  2  liters  of  water. 

The  mixture  is  frequently  agitated  and  kept  upon  the 
water-bath  for  from  2-4  months.  The  oil  gradually  thickens 
and  takes  the  characteristic  odor  of  asphalt.  An  examina- 
tion of  the  products  led  me  for  the  first  time  to  an  asphaltic 
acid  with  23  per  cent,  of  oxygen. 

It  is  only  quite  recently  that  this  product  was  obtained 
by  me  from  some  Western  natural  asphalts  (Kentucky). 

A  good  deal  has  been  said  about  the  peculiarity  of 
asphalt  solutions  containing  mineral  matters.  All  explana- 
tions made  so  far  are  surmises  due  to  a  desire  to  explain 
the  phenomenon  on  the  basis  of  other  well-known  facts. 
Work  to  explain  it  has  not  been  done,  partially,  perhaps,  for 
the  reason  that  the  really  bituminous  portion  of  asphalt  is 
the  subject  of  greatest  interest.  The  precipitate  which  I 
produced  in  the  petroleum  ether  solution  by  the  addition 
of  more  petroleum  ether  contains  generally  about  10-12 
per  cent,  sulphur  and  much  mineral  matter. 

My  method  of  analysis  consists  : 

(ij  Extraction  of  all  bitumen  by  chloroform. 

(2)  Evaporation  of  volatile  hydrocarbons  in  a  current  of 
carbon  dioxide  from  the  extract. 

(3)  Direct  determination  of  carbon,  hydrogen,  sulphur  and 
nitrogen  and  calculating  oxygen  by  difference. 

(4)  Determination  of  asphaltic  acid  as  a  check. 

In  answer  to  question  of  Professor  Day,  I  would  state  that 
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I  anticipate  that  the  use  of  steam  in  the  place  of  carbonic 
acid  for  the  purpose  of  evaporating  the  petrolenes  will  be  a 
good  equivalent.    I  have  used  carbonic  acid  for  convenience. 

I  never  used  nitrogen. 

In  answer  to  inquiry,  I  would  state  that  I  determine  ni- 
trogen by  Kjeldahl  method. 

For  the  determination  of  sulphur  I  treat  the  asphalt  in  a 
capacious  platinum  crucible  with  fuming  nitric  acid.  The 
asphalt,  though  still  liquid  when  hot,  is  comparatively  brittle 
when  cold,  and  can  then  be  mixed  most  intimately  with 
nitre  and  soda.  After  drying  in  the  air-bath  I  deflagrate 
and  then  proceed  as  usual. 

In  answer  to  the  remark  of  Professor  Sadtler  that  asphalt 
is  changed  during  the  process  of  refining,  I  would  state  that 
I  agree  with  him.  The  cause  of  such  changes  is  the  pres- 
ence of  the  non-bituminous  impurities  in  asphalt,  partly 
pertaining  to  the  mineral  matter. 

Extracted  and  purified  bitumen  is  quite  stable  under 
the  influence  of  temperatures  used  in  refining  asphalts. 
These  temperatures  can,  therefore,  be  safely  applied  in 
analysis. 

Dr.  S.  p.  Sadtler  stated  that  he  was  ready  to  admit  the 
complexity  of  constitution  of  Parianite  or  Trinidad  pitch  as 
maintained  by  Professor  Peckham,  in  that  it  probably  con- 
tained some  of  the  mineral  bases  in  an  organic  combination 
whether  we  concede  that  the  organic  substance  is  really 
humic  acid  or  not;  that  it  was, moreover,  so  unstable  that  it 
could  not  be  heated  directly  without  some  decomposition. 
However,  he  did  not  think  that  this  complexity  applied 
to  all  natural  bitumens — he  recalled  the  natural  bitumen 
of  Uvalde  County,  Tex.,  which  could  be  extracted  from  the 
limestone  rock,  in  which  it  occurred  naturally,  by  the  use 
of  a  naphtha  solvent ;  that  the  same  was  true  of  the  nat- 
ural bitumen  of  Santa  Barbara  County,  Cal.,  where  the  Sis- 
quoc  asphalt  was  extracted  in  that  way ;  that  he  had  ana- 
lyzed a  natural  bitumen  from  Joplin,  Mo.,  occurring  in  the 
cavities  in  the  zinc-bearing  rocks,  which  was  also  almost 
entirely  soluble  without  residue  in  petroleum  naphtha. 
With  reference  to  Dr.  Peckham's    method  of   analysis    of 
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bitumens,  he  was  not  satisfied  that  turpentine  was  to 
be  depended  upon  as  a  desirable  solvent.  It  was  obvious 
that  freshly-rectified  spirits  of  turpentine,  and  that  which 
had  been  exposed  to  the  air  for  a  time  as  warm  turpentine 
upon  a  filter  and  had  in  consequence  become  somewhat 
resinous,  would  have  distinctly  different  solvent  powers. 
He  had  had  occasion,  in  connection  with  another  matter,  to 
test  this  difference  between  turpentine  free  from  resin  and 
turpentine  carrying  resinified  products,  and  knew  that  it 
affected  the  solvent  action  notably.  To  use  turpentine, 
therefore,  one  would  have  to  note  its  optical  constants  so  as 
to  insure  its  entire  uniformity. 

Dr.  Sadtler  stated  that  he  had  at  one  time  proposed  ace- 
tone as  a  solvent  in  asphalt  analyses  in  place  of  petroleum 
ether,  because  it  could  be  had  of  fixed  boiling  point  and 
perfect  purity,  but  found  that  its  solvent  power  varied  from 
that  of  petroleum  naphtha,  and  therefore  no  longer  tried  to 
use  it  as  a  substitute.  What  is  wanted  is  a  study  of  the 
action  of  a  series  of  solvents  of  fixed  purity  upon  different 
natural  bitumens. 

Dr.  Wm.  C.  Day  : — It  seems  to  me  that  Professor  Peck- 
ham's  method  of  analysis  of  asphalts  is  capable  of  yielding 
valuable  results,  particularly  when  applied  to  Trinidad 
asphalt,  which  is  in  a  number  of  respects  unique.  The 
paper  indicates  that  the  alumina  found  in  the  mineral 
matter  of  the  asphalt  is  present  not  as  a  constituent  of 
clay,  but  as  a  base  in  salts  of  organic  acids.  This  result  is 
certainly  interesting,  and  by  itself  would  justify  the  entire 
investigation  and  the  proposal  of  this  method  of  analysis. 
I,  for  one,  would  be  glad  to  see  the  method  extended  in  its 
application.  I  should  think,  however,  that  the  directions  for 
carrying  out  the  various  separations  should  be  as  exact  and 
specific  as  possible,  since  some  of  the  solvents  used  are  more 
or  less  variable  in  their  chemical  constitution  and  also  in 
their  solvent  action,  according  to  the  temperature  at  which 
they  are  applied. 

*  *  -X-  -If  *  *  * 

The  need  for  uniformity  in  the  method  of  analysis  of 
asphalts  is  very  great ;  this  applies  to  elementary  analysis 
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as  well  as  to  the  analytical  separation  of  compounds  and 
groups  or  classes  of  compounds.  I  hold  in  my  hand  an 
interesting  paper,  by  Mr.  Clififord  Richardson,  with  which  I 
have  no  doubt  you  are  all  familiar.  A  table  of  elementary 
analysis  of  asphalts  is  given,  in  which  oxygen  is  not  men- 
tioned as  a  constituent  element.  His  results  in  the  case  of 
Utah  gilsonite  differ  so  markedly  from  a  number  that  I  have 
obtained  with  the  same  substance,  that  I  am  at  a  loss  to 
account  for  the  discrepancies.  He  finds  nitrogen  in  Utah 
gilsonite  079  per  cent.,  while  in  ten  different  determinations 
by  the  Gunning  modification  of  the  Kjeldahl  method  I  find 
an  average  of  2-40  per  cent.,  with  extremes  of  2*25  and  2*52, 
generally  nearer  the  latter  figure.  I  think  if  those  who  are 
investigating  asphalts  could  get  together  and  agree  on  uni- 
form methods  of  analysis  and  calculation  of  results,  the 
cause  of  asphalt  investigation  might  be  benefited. 

Dr.  H.  F,  Keller  made  some  comments  in  the  discus 
si  on,  referring  more  particularly  to  the  remarks  of  Dr.  Day 
and  Dr.  Endemann.  After  the  former's  reference  to  the 
disagreement  of  the  nitrogen  determinations  in  various 
asphalts,  and  the  manner  in  which  they  had  been  made, 
Dr.  Keller  suggested  that  more  concordant  results  and  cer- 
tainly more  reliable  figures  might  be  obtained  by  combus- 
tion of  the  material  with  copper  oxide  than  is  possible  with 
the  Kjeldahl  method. 

With  reference  to  Dr.  Endemann's  statement  that  the 
treatment  of  asphalts  with  solvents  could  not  be  regarded 
as  an  analysis.  Dr.  Keller  called  attention  to  the  fact  that 
his  method  does  not  permit  the  separation  of  individual 
compounds  any  more  than  the  use  of  solvents.  To  Dr. 
Keller's  question  whether  he  (Dr.  Endemann)  had  made 
any  attempt  to  isolate  any  compounds  of  definite  composi- 
tion he  replied  negatively. 

Mr.  Alfred  H.  Allen,  Sheffield,  England  [Correspon- 
dence ]: — I  am  duly  in  receipt  of  your  letter  of  the  8th  instant, 
accompanying  the  advance  copy  of  Professor  Peckham's 
paper  on  Parianite,  for  which  I  am  obliged. 

I  have  read  the  paper  carefully,  and  am  glad  that  the 
difficult  subject  of  the  constitution  of  asphalt  continues  to 


Mar..  1900.]  W7iaf  is  Parianitc  ?  191 

receive  the  enlightened  attention  of  Professor  Peckham.  I 
think  every  one  must  agree  that  much  remains  to  be  done 
in  the  way  of  isolating  the  proximate  constituents  of 
asphalt,  and  the  non-crystalline  character  of  the  products 
renders  their  isolation  in  a  state  of  purity  a  matter  of  pecu- 
liar difficulty. 

I  quite  approve  of  Professor  Peckham's  remark  that  an 
examination  of  the  nitro-derivatives  of  the  various  fractions 
isolated  by  the  action  of  solvents  affords  a  promising  field 
for  research.  I  would  go  further  than  this,  and  suggest  the 
investigation  of  the  bodies  produced  by  the  action  of  bro- 
mine, preferably  in  solution  in  carbon  tetrachloride. 

It  has  been  frequently  observed  that  the  crystallization 
of  organic  bodies  has  prevented  the  presence  of  very  small 
proportions  of  impurities.  I  do  not  know  whether  any  at- 
tempt has  been  made  to  purify  the  various  fractions  ob- 
tained by  the  action  of  neutral  solvents.  If  not,  I  would 
suggest  that  the  solutions  of  these  fractions  should  be  agi- 
tated with  weak  acid  and  alkali  with  the  view  of  removing 
traces  of  substances  of  alkaline  and  acid  character.  It  would 
also  be  interesting  to  know  how  far  nitrogen,  oxygen  and 
sulphur  enter  into  the  composition  of  any  of  the  fractions 
obtained  by  Professor  Peckham  and  Miss  Linton  ;  in  fact,  I 
am  rather  struck  by  the  absence  of  any  elementary  analyses 
of  the  products  obtained. 

It  is  evident  that  plenty  of  work  remains  to  be  done  on 
this  interesting  but  difficult  subject,  and  I  shall  watch  with 
interest  the  further  progress  made  by  Professor  Peckham 
and  his  able  collaboratrix. 

Prof.  Peckham: — The  use  of  spirits  of  turpentine  was  first 
suggested  by  the  directions  given  in  the  first  edition  of  Allen's 
"  Commercial  Organic  Analysis."  It  is  directed  there  that 
the  bitumen  in  European  asphaltic  rock  be  dissolved  from 
the  mineral  matter  in  freshly  distilled  Russian  turpentine. 
The  turpentine  should  be  freshly  and  doubly  distilled.  In 
any  case  the  filter  should  not  be  digested  in  turpentine, 
which,  poured  upon  the  filter  while  hot,  has  been  allowed 
to  get  cold.  The  stopcock  in  the  funnel  should  be  closed, 
the  filter  filled  with  boiling  turpentine,  the  stopcock  imme- 
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diately  opened  and  the  hot  turpentine  allowed  to  run  off  as 
rapidly  as  possible.  This  should  be  repeated  until  the  tur- 
pentine is  discharged  colorless.  There  are  very  great  dif- 
ferences observed  in  the  action  of  boiling  turpentine  upon 
asphaltums  and  bituminous  minerals  from  different  locali- 
ties. In  some  cases  the  solution  is  as  readily  affected  as 
sugar  and  water;  in  other  cases  the  solution  takes  place 
much  more  slowly.  The  points  made  by  Drs.  Endemann 
and  Sadtler  are  theoretical,  not  practical ;  any  other  solvent, 
as,  for  instance,  any  of  the  benzole  series  that  will  dissolve 
the  material  not  soluble  in  petroleum  ether,  will  yield  this 
precipitate  on  dilution  with  a  large  excess  of  petroleum 
ether.  I  have  digested  this  precipitate  in  dilute  hydro- 
chloric acid,  then  in  a  dilute  solution  of  sodium  hydrate, 
which  became  highly  colored,  and  then  obtained  a  copious 
precipitate  of  an  organic  acid,  in  brown  flocks,  when  the 
sodium  hydrate  solution  was  acidulated. 

It  is  true  that  on  the  large  scale  the  bitumen  of  the  Uvalde 
County  bituminous  limestone  has  been  extracted  with  petro- 
leum naphtha,  yet  I  have  never  found  among  the  many 
samples  of  this  rock  that  I  have  tested  a  single  sample  in 
which  the  bitumen  was  all  soluble  in  petroleum  ether.  It 
is,  however,  practically,  all  soluble  in  boiling  turpentine. 
On  the  large  scale,  the  portion  insoluble  in  petroleum  ether 
is  washed  out  of  the  rock  by  the  solution  of  the  remainder 
in  the  petroleum  naphtha,  and  the  purified  bitumen  consists 
of  a  mixture  of  the  two  solubles. 

I  have  for  some  time  been  of  the  same  opinion,  so  well 
expressed  by  Dr.  Sadtler,  that  "  What  is  wanted  is  a  study 
of  the  action  of  a  series  of  solvents  of  fixed  purity,  etc." 
I  have  in  hand  the  material  for  precisely  this  work,  but  have 
hitherto  been  unable  to  devote  to  it  the  necessary  time. 

I  also  recognize  the  force  of  Mr.  Allen's  remark  concern- 
ing the  absence  of  elementary  analyses.  The  reason  is  that 
hitherto  I  have  not  been  able  to  obtain  the  substances 
described  in  this  paper  under  such  conditions  and  in  such 
quantity  as  to  make  ultimate  analyses  advisable.  Ultimate 
analysis  should  follow  the  study  of  the  action  of  solvents 
of  fixed  purity.     I   have  for  some  time  been   planning  the 
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use  of  one  of  the  pure  parafHnes,  of  low  boiling-point,  the 
solution  obtained  being  fractionated  in  vacuo  and  treated 
as  if  it  were  a  crude  petroleum  or  naphtha.  The  action  of 
pure  alcohols,  both  absolute  and  of  definite  dilution,  as  well 
as  of  the  benzole  series  in  pure  forms,  is  to  be  studied  both 
separately  and  in  series.  There  is  work  enough  on  these 
problems  to  fill  the  twentieth  century. 


Stated  Meeting,  held  Tuesday,  April  /S,  iSgg. 

On   series   m   SPECTRA. 


By  Dr.  Edward  A.  Partridge. 
Professor  of  Physics,  Central  Manual  Training  School. 


The  investigation  of  relations  between  the  spectra  of 
different  elements  has  been  a  favorite  subject  of  inquiry 
ever  since  spectra  have  been  studied.  Xo  one  can  atten- 
tively examine  drawings  of  the  spectra  of  a  series  of  related 
elements  without  being  impressed  with  their  'general  simi- 
larity. 

Lecoq  de  Boisbaudran*  was  the  first  to  give  a  detailed 
description  of  this  similarity.  He  did  this  in  a  number  of 
articles  in  the  Comptes  Rendiis  of  1869.  In  i886f  he  published 
a  method  by  means  of  which  he  calculated  the  atomic 
weight  of  germanium  from  its  spectrum.  He  writes  as  if 
he  had  known  the  law  for  a  long  time,  but  I  can  find  no 
evidence  of  it  having  been  published  before  1886.  His 
statement  of  the  law  is  as  follows : 

"  In  the  natural  families  of  elements  the  variation  in  the 
increment  of  the  atomic  weight  is  proportion  to  the  varia- 
tion in  the  increment  of  the  wave  length  of  homologous 
rays  or  groups  of  rays  in  the  third  harmonic  of  the  spec- 
trum." 

Amesij:   examined   this   statement   critically,  and  found 


*  C.  R.,  t.  69,  pp.  445,  606,  694,  1869. 
t  C.  R.,  t.  102,  p.  1291,  1886. 
X  Phil.  Mag.,  30,  33,  1890. 
Vol.  CXLIX.    No.  891. 
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that  it  cannot  be  considered  general,  although  it  may  apply 
roughly  to  certain  groups  of  lines. 

One  difficulty  is  to  pick  out  those  lines  which  are  to  be 
considered  homologous.  This  is  not  an  easy  matter  in  com- 
plicated spectra. 

The  recognition  of  the  fact  that  the  spectrum  of  an  ele- 
ment depends  upon  the  structure  of  the  molecule  and  atom 
of  the  element  gave  hopes  of  learning  something  of  that 
structure. 

Light,  being  a  periodic  phenomenon,  calls  up  visions  of  a 
vibrating  system  causing  the  light. 

Here,  then,  is  the  problem :  from  the  spectrum  of  an  ele- 
ment to  calculate  the  structure  of  its  molecule  and  atom. 
The  cognate  problem  in  sound  would  be :  from  the  combi- 
nation of  tones  emitted  by  a  bell  to  calculate  its  size  and 
form,  the  density  and  elasticity  of  the  material  of  which  it 
is  made. 

The  acoustical  analogy  has,  however,  hindered  rather 
than  helped  progress  in  that  direction,  for  it  encouraged 
investigators  to  seek  for  simple  harmonic  relations  between 
the  frequencies  of  the  vibrations  given  out  by  a  molecule. 
Harmonic  relations  are  to  be  understood  as  meaning  whole 
number  ratios,  such  as  exist  between  the  fundamental  and 
overtones  of  an  organ  pipe  or  a  piano  string.  This  point 
has  been  emphasized,  since  the  term  harmonic  has  been 
frequently  used  to  indicate  simply  a  relation,  no  matter 
what  the  law  of  the  relation  might  be. 

The  idea  of  harmonic  relations  existing  between  the 
frequencies  corresponding  to  the  several  lines  of  a  spectrum 
existed  as  a  part  of  common  knowledge  among  spectro- 
scopists  for  a  long  time.  Lecoq,  Soret,  Stoney  and  Liveing 
and  Dewar  sought  such  relations.  We  remember  reading 
in  the  popular  literature  of  ten  or  fifteen  years  ago  that 
the  three  prominent  lines  in  the  visible  H  spectrum  are 
related  as  C,  F  and  A  of  the  musical  scale  are  related. 
Stoney*  announced,  in  1871,  that  the  frequencies  of  Ha,  H ^ 
and  H  d  are  to  each  other  as  20:  27  :  32.     Similar  relations 

*  Phil.  Mag.,  41,  291,  1871. 
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have  been  announced  for  other  series  in  other  spectra.  But 
all  the  harmonics  are  never  present,  and  several  funda- 
mentals have  to  be  supposed  in  order  to  include  a  consider- 
able number  of  lines  in  the  scheme. 

With  greater  refinement  of  measurement  these  relations 
were  seen  to  be  only  extremely  rough  approximations.  In 
order  to  test  the  question  finally,  Shuster,*in  1881,  proposed 
the  following  problem  :  "  Is  the  number  of  whole  number 
ratios  between  the  wave  numbers  greater  than  would  exist 
if  the  lines  were  distributed  at  random  ?" 

By  the  calculus  of  probabilities  he  found  the  number  of 
approximate  whole  number  ratios  that  is  to  be  expected 
with  lines  distributed  at  random.  He  included  in  his  calcu- 
lation of  whole  number  ratios  all  numbers  under  100,  and 
the  degree  of  approximation  to  the  exact  ratio,  in  order  that 
it  might  be  called  a  whole  number  ratio,  was  that  it  should 
fall  within  the  limits  of  error  of  observation  at  that  time. 
He  applied  his  results  to  the  spectra  of  Mg,  Na,  Cu,  Ba, 
and  in  particular  to  Fe,  and  calculated  10,000  ratios  of  fre- 
quencies. But  the  number  of  whole  number  ratios  was 
less  than  would  be  expected  on  a  chance  distribution.  Now 
that  this  question  could  be  regarded  as  settled,  attention 
was  turned  to  other  relations  which  had  long  been  sus- 
pected, but  which  could  not  be  established  in  consequence 
of  insufficient  refinement  in  the  measurements. 

In  1869  Mascartt  called  attention  to  the  fact  that  the 
well-known  doublet,  the  D  line  of  Na,  was  repeated  six 
times  in  the  spectrum  of  that  element,  and  he  also  stated 
that  the  distance  between  each  pair  was  approximately 
the  same.  Later,  he  noted  that  the  "  b  "  triplet  of  Mg  is 
repeated  three  times  in  the  ultra  violet. 

In  1 87 1  Liveing  and  Dewar  observed  the  Na  doublets, 
but  stated  that  the  distances  between  the  lines  of  the 
doublets  follow  no  law.  In  1882  %  Shuster  said  that  the 
differences  between  the  corresponding  lines  in  the  triplets 


*  Proc.  Roy.  Soc,  31,  337,  1881. 

^C.  R.,  69,  337,  1869. 

XBrit.  Ass'n  Report,  1882,  120. 
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of  Mg  were  not  regular.  In  1883,*  however,  Hartley  proved 
that  these  distances  are  the  same;  that  is,  naming-  the  lines 
in  a  triplet  a,  b  and  c,  the  distances  a  b  and  b  c  \n  one  triplet 
are  the  same  as  the  corresponding  distances  in  all  the  trip- 
lets. But  a  b  is  in  general  different  from  b  c.  This  law  he 
proved  for  the  triplets  of  Mg,  Zn  and  Cd.  I  must  next  de- 
scribe some  work  in  another  field  of  spectroscopy. 

The  discovery  by  Huggins,t  in  1876,  of  the  //  series  in 
the  ultra-violet  spectra  of  the  white  stars  exerted  a  powerful 
influence  in  the  direction  in  which  much  progress  has  been 
made.  In  the  Philosophical  Transactions  for  1880  he  published 
an  account  of  his  work  on  this  subject.  Appended  to  this 
article  is  a  npte  by  Stoney,  who  showed  by  drawings  that 
there  was  a  high  degree  of  probability  that  the  newly- 
discovered  lines  were  due  to  H.  Cornu:}:  afterwards,  taking 
great  care  in  the  preparation  of  pure  H,  proved  that  the 
new  series  was  due  to  that  element. 

Liveing  and  Dewar,§  and  Cornu  noticed  series  in  the 
spectra  of  other  elements,  which  resembled  the  H  series, 
and  in  1885  Cornu  ||  established  a  relation  between  the 
series  of   77,  Al  and  77. 

Cornu's  relation  turns  out  to  be  only  a  rough  approxi- 
mation ;  it  is  that 

;..„  =  A  +  b ;«. 

Cornu  picked  out  for  consideration  the  easily  reversible 
lines  in  the  spectrum.  He  tells  how  he  had  endeavored, 
without  avail,  to  find  a  formula  which  should  express  the 
relation  between  the  lines  in  the  spectrum  of  an  element, 
and  concludes  that  the  quickest  way  of  arriving  at  the  law 
would  be  to  follow  Kepler's  example,  and  try  hypothesis 
after  hypothesis  in  the  hope  of  ultimately  achieving  success. 
On  account  of  its  simplicity  and  importance  in  stellar  spec- 
troscopy the  77  spectrum  has  always  attracted  a  large  share 


*Jojir.  Chem.  Soc,  43,  390;  1S83. 

-\  Phil.  Tracts.,  672,  1880. 

X  C.  R.,  t.  100,  p.  iiSi  ;  1885. 

\Proc.  Roy.  Soc,  29,  30,  1880;  Phil.  Trans.,  31,  ]88i. 
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of  attention.  In  1885,  the  same  year  in  which  Cornu 
recounted  his  unsuccessful  attempts  at  finding  a  law, 
Balmer,*  of  Zurich,  published  a  formula  by  which  the  wave 
lengths  of  the  H  lines  are  expressed  as  simple  functions  of 
the  integars  3,  4,  5,  6,  etc.  The  formula  was  originally 
calculated  to  express  the  wave  lengths  of  the  //lines  in  the 
visible  spectrum,  but  was  found  to  apply  as  well  to  the  lines 
discovered  by  Huggins,  in  the  white  stars.     The  formula  is 

l  =  /o  -n 

1H-  4 

Iq  is  a  constant,  and  the  whole  numbers  3  and  following 
are  to  be  substituted  for  in. 

This  formula  shows  as  well  as  Stoney's  drawings  that 
the  lines  asymptoticall}^  approach  the  limit  ^,  which  is  the 
value  of  /  for  m  =  co. 

The  accuracy  of  this  formula  is  surprising,  as  it  gives  the 
wave  lengths  to  a  high  degree  of  approximation.  In  1888 
Kaiser  and  Runge  communicated  to  the  British  Association 
the  fact  that  they  had  found  a  formula,  of  which  Balmer's 
is  a  special  case,  which  applied  to  the  series  of  lines  in  other 
spectra. 

These  were  the  series  to  which  Liveing  and  Dewar  and 
•Cornu  had  previously  called  attention  as  analogous  to  the 
H  series.  Kaiser  and  Runge  found  that  the  measurements 
of  wave  lengths  that  had  previously  been  made  were  not 
sufficiently  accurate  for  their  purpose. 

They  say:  "We  saw  that  we  were  compelled  to  dis- 
regard all  the  numerical  material  at  hand,  and  we  concluded 
to  determine  the  spectra  of  the  elements  from  one  end  to 
the  other."  They  first  of  all  measured  the  spectrum  of  iron 
with  the  utmost  care,  in  order  that  the}^  might  use  it  as  a 
■standard.  They  tabulated  the  wave  lengths  of  4,500  lines 
in  this  spectrum.  Next,  the  carbon  spectrum  had  to  be 
studied  in  order  to  decide  what  lines  were  due  to  the  car- 
bon in  the  arc  and  what  were  due  to  the  element  under 
examination.  This  done,  they  began  the  investigation  of 
the  spectra  of  the  alkali  metals. 

*lVied.  Ann.t  25,  18,  1885. 
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The  following-  account  of  their  work  is  taken  from  their 
papers  in  the  AbJiandlungen  der  Akadetnie  der  Wissenschaften 
zu  Berlin,  1 888-1 893.  An  important  result  of  their  work  was 
to  disprove  the  statement  of  Lockyer  that  there  are  coinci- 
dences between  the  lines  in  the  spectra  of  different  elements. 
Such  coincidences  they  never  observed.  From  these  sup- 
posed coincidences  Lockyer  drew  the  conclusion  that  at  the 
temperature  at  which  he  worked  the  elements  were  disso- 
ciated, and  that  the  common  lines  were  due  to  common  in- 
gredients. No  coincidences  have  been  observed  by  Kaiser 
and  Runge. 

From  even  a  cursory  examination  of  their  results  the 
great  similarity  between  the  spectra  of  the  alkali  metals 
becomes  apparent.  According  to  increasing  atomic  weight, 
the  alkali  metals  form  the  following  series  :  Li,  Na,  K,  Rb,  Cs ; 
this  is  also  the  series  showing  the  relative  ease  with  which 
the  lines  appear. 

Li  and  Na  appear  everywhere,  and  it  is  very  difficult  to 
obtain  the  spectrum  of  Cs.  Liveing  and  Dewar  had  found 
series  in  Li,  Na,  K.  Kaiser  and  Runge  found  similar  series 
in  the  spectra  of  Rb  and  Cs. 

The  general  property  of  these  series  is  that,  with  increas- 
ing atomic  weight,  homologous  series  are  displaced  toward 
the  red  end  of  the  spectrum.  These  experimenters  also 
found  that  the  lines  which  form  series  in  the  spectra  of  the 
alkali  metals,  except  Li,  are  doublets.  Michelson  has  com- 
pleted the  analogy^  in  this  respect,  by  showing  with  his  in- 
terferential refractometer  that  the  red  Li  line  and  the  red 
H  line  are  extremely  close  doublets. 

But  the  numerical  relations  are  of  much  greater  interest 
and  importance  than  these  simple  analogies.  Balmer's  for- 
mula for  the  wave  lengths  of  the  H  lines  when  inverted  to 
give  the  wave  numbers  becomes  /  =  b  —  \b  n~'-.  This 
suggested  to  Kaiser  and  Runge  to  try  the  formulae 

f=H+  Bn-^  -H  Cn-' 
and 

/  =  ^  +  Bn--  +  Cn-^ 

Observation  shows  that  as  n  increases,  the  frequency 
asymptotically  approaches  the  limit  A  and  that  the  succes- 
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sive  lines  approach  each  other  more  and  more.  Trial  shows 
that  with  proper  choice  of  constants  the  formula  represents 
the  successive  lines  in  the  series  with  great  accuracy.  This 
result  Kaiser  and  Runge  communicated  to  the  British  Asso- 
ciation in  1888.  They  admit  that  the  objection  might  be 
raised  that  an  arbitrary  formula  with  three  disposable  con- 
stants could  represent  with  sufficient  accuracy  a  series  con- 
sisting of  say,  eight  lines. 

Having  raised  this  question,  they  reply  to  it  by  means  of 
an  example ;  they  apply  the  formula 

a  +  bn~^  +  or'-  +  dn~^ 

containing  four  ccmstants  to  the  frequencies  of  the  lines  of 
the  violet  K  series.  They  determine  the  constants  so  as  to 
represent  the  first,  third,  fifth  and  seventh  lines  accurately, 
and  then  calculate  the  second  line.  The  error  is  sixty  times 
as  great  as  with  their  three  constant  formula. 

By  use  of  their  formula  Kaiser  and  Runge  calculated  the 
position  of  Na  lines  that  had  not  been  observed,  and  later 
found  them  by  careful  examination  of  their  plates.  They 
found  three  series  of  doublets  in  the  spectra  of  the  alkali 
metals,  except  Rb  and  Cs,  which  have  but  two  series.  These 
series  are  distinguished  by  their  appearance.  They  name 
them  the  principal  series  and  the  first  and  second  subor- 
dinate series.  The  principal  series  contains  the  strongest 
lines  of  the  element,  and  in  all  but  Li  this  series  is  observed 
to  consist  of  doublets,  which  become  closer  and  closer  as  the 
wave  number  increases,  the  difference  between  the  wave 
numbers  of  the  components  of  the  doublets  being  about 
inversely  proportional  to  the  fourth  power  of  the  number  of 
the  doublet  in  the  series. 

The  number  three  is  the  least  number  for  which  the 
formulas  have  positive  values,  hence  three  is  the  number 
corresponding  to  the  least  refrangible  line  in  the  series. 
This  line  is  to  be  regarded  as  the  fundamental  line  and  it 
was  actually  observed  by  Kaiser  and  Runge  in  1890  in  the 
spectra  of  all  the  alkali  metals,  except  Cs,  where,  on  account 
of  the  high  atomic  weight,  it  is  in  the  ultra-red. 

In   1892  an  elaborate  investigation  was  carried  out  by 
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Snow'"  by  the  bolometric  method,  with  the  object  of  testing 
the  formiUa  of  Kaiser  and  Runge.  He  sought  and  found 
the  infra-red  lines  of  Cs  very  close  to  the  place  predicted  by 
the  empirical  formula,  thus  furnishing  a  remarkable  con- 
firmation of  its  accuracy  and  illustrating  its  importance. 

The  lines  in  the  principal  series  which  correspond  to  the 
number  4  are  in  the  ultra-violet,  so  that  only  the  first  mem- 
ber of  the  principal  series  is  visible.  The  subordinate  series 
lie  in  the  visible  part  of  the  spectrum.  The  first  subordinate 
series  is  diffuse  and  reversible,  the  second  subordinate  ser- 
ies diffuse  on  one  side  and  not  reversible.  These  series 
consist,  except  in  the  case  of  Li  (due  to  insufficient  disper- 
sion), of  doublets  which  are  a  constant  distance  apart  in  the 
spectrum  of  any  element.  It  has  been  possible  to  arrange 
all  the  lines  of  Li  and  Ka  in  these  series.  In  the  cases  of 
Na  and  Rb  one  doublet  remains  to  be  assigned  to  a  place. 
About  the  same  time  that  these  researches  of  Kaiser  and 
Runge  on  the  alkali  metals  appeared,  the  Swedish  Academy 
of  Sciences  published  an  important  and  elaborate  paper 
which  had  been  presented  in  1889  by  Rydberg.f  The  law 
of  constant  differences  discovered  by  Hartley,  and  the  series 
that  had  been  discovered  by  Liveing  and  Dewar,  formed 
Ryd berg's  point  of  departure.  He  first  of  all  picked  out  the 
doublets  and  triplets  in  spectra  and  separated  them  into 
series  according  to  the  indications  of  Liveing  and  Dewar, 
who  had  recognized  the  nebulous  and  sharp  series.  Then 
he  constructed  a  curve  for  each  series  ;  these  curves  are 
similar  to  that  used  by  Stoney  in  1880  to  identify  the  lines 
discovered  by  Huggins  in  the  white  stars  as  H  lines.  The 
form  of  the  curves  shows  at  once  that  there  are  asymptotes 
parallel  to  the  axes,  and  hence  recalls  the  equilateral  hyper- 
bola. Rydberg  then,  by  a  careful  induction,  arrives  at  a 
general  formula  which  is  a  modified  form  of  the  equation  of 
the  equilateral  hyperbola. 

The  principal  results  obtained  by  Rydberg  are  stated  by 


*  Physical  Review,  i,  28,  1893. 
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him  as  follows  :  In  the  spectra  of  the  elements  hitherto 
examined  the  strongest  rays  form  series  which  are  repre- 
sented to  a  high  degree  of  approximation  by  the  equation 

n  =  n,  —  " 


(7//  H-  /x)- 

where  n  signifies  the  wave  number,  7/1  the  number  of  the 
ray  in  the  series  A^o  ==  109721-6,  n^  and  fi  are  constants 
which  are  characteristic  of  the  particular  series. 

In  the  spectrum  of  each  element  there  are  two  series  of 
doublets  or  triplets.  These  series  are  respectively  diffuse 
and  sharp.  It  addition,  there  is  a  principal  series  composed 
of  doublets  which  approach  each  other  as  we  pass  to  the 
more  refrangible  end  of  the  spectrum.  The  principal  series 
contains  the  strongest  lines  of  the  spectrum,  the  diffuse 
series  is  next  in  strength  and  the  sharp  series  is  weakest. 

An  interesting  and  important  relation  exists  between  the 
principal  and  the  sharp  series.  This  relation  is  expressed 
by  the  following  formula  : 

n  1  I        ■ 


If  in  this  formula  we  make  Wj  =  i  and  give  successive 
integral  values  to  vi.,,  then  n  represents  the  frequencies  in 
the  principal  series.  On  the  other  hand,  if  m.,  equals  i  and 
we  give  successive  integral  values  to  w,,  we  obtain  the  sharp 
series. 

T/ie  ivave  lengths  of  corresponding  lines,  the  distances  between 
the  components  of  doublets  and  triplets  as  luell  as  the  constants  n^ 
and  p.  in  corresponding  series  in  the  spectra  of  different  elements, 
are  periodic  functions  of  their  atomic  weights. 

The  series  in  the  spectra  of  any  one  element  are  related 
in  a  way  which  proves  that  they  belong  to  one  system  of 
vibrations.  The  periodic  relation  between  the  constants  of 
the  formulae  for  corresponding  series  in  different  elements 
allows  the  calculation  of  the  spectrum  of  an  element  when 
the  spectra  of  the  adjacent  members  in  the  periodic  system 
are  known. 

Rydberg  remarks  that  the  hypotheses  of  Lockyer  on  the 
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dissociation  of  the  elements  are  quite  incompatible  with 
the  results  of  his  researches.  Lockyer's  observations  on 
iW?  and  A"  only  prove  that  with  luminous  atoms,  as  with 
sounding-  bodies,  the  relative  intensities  of  emitted  radia- 
tions may  vary  under  different  circumstances ;  for  the  lines  in 
question  belong  undoubtedly  to  the  same  system  of  vibra- 
tions. 

Concerning  this  paper  by  Rydberg,  Kaiser  and  Runge 
make  the  following  remarks : 

They  did  not  find  his  formula  to  be  more  fitting  than 
their  own,  nor  did  they  find  that  Rydberg's  constant  A'o  was 
an  absolute  constant,  but  that  it  varied  a  little  like  their  B, 
which  only  varied  22  per  cent,  in  the  elements  examined. 

The  next  contribution  of  Kaiser  and  Runge  deals  with 
the  second  group  of  the  periodic  system. 

Their  results  on  this  group  were  published  in  1891.  The 
series  in  the  spectra  of  this  group  of  divalent  elements 
consist  of  triplets,  with  constant  differences  for  each  ele- 
ment. The  series  corresponding  to  the  principal  series  of 
the  alkali  metals  are  not  found,  but  the  analogy  between 
the  series  actually  found  and  the  subordinate  series  of  the 
alkali  metals  suggested  that  they  should  be  named  subordi- 
nate series. 

The  spectra  of  Mg,  Ca,  Zn,  Cd  and  Hg  each  show  two  sub- 
ordinate series  of  triplets  which  end  at  the  same  point  for 
n  =  CO. 

Sr  shows  but  one  series,  and  Ba  none.* 

The  behavior  recalls  that  of  the  alkali  metals,  in  that  Rb 
and  Cs  show  but  one  subordinate  series. 

The  production  of  the  full  spectrum  seems  to  become 
more  difficult  with  increasing  atomic  weight.  In  the  spec- 
tra of  all  of  the  elements  of  the  second  group  there  is  a 
considerable  number  of  lines  which  do  not  fall  into  the 
general  scheme. 

The  homologous  series  show  the  same  shifting  toward 
the  red  end  of  the  spectrum   that  is  noticed  in   the  first 


*  Iq  1893  Rydberg,  using  Kaiser  and  Range's  measure,  found  the  second 
subordinate  series  of  Sr. 
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group.  To  what  extent  the  series  of  the  elements  are 
periodic  functions  of  the  atomic  weight,  Kaiser  and  Runge 
say  they  could  not  conclude  from  the  small  number  of  ele- 
ments examined,  but  they  remark  that  if  the  wave  lengths 
for  ;/  =  00  in  the  homologous  series  are  used  as  ordinates 
and  the  atomic  weights  as  abscissae,  a  curve  will  be  formed 
which  is  quite  similar  to  the  curve  of  atomic  volumes  given 
by  Lothar  Meyer. 

In  1 891  Kaiser  and  Runge  published  their  results  on 
Cu,  Ag  and  Au.  They  found  far  less  regularity  than  in  the 
spectra  of  the  alkali  metals.  The  spectra  of  Cu  and  Ag 
show  two  subordinate  series  which  end  at  the  same  point 
for  n  ^  Qc. 

In  addition,  in  both  spectra  there  is  a  strong  ultra-violet 
pair,  which  may  be  the  first  of  the  principal  series.  Gold 
shows  no  series,  but  does  show  the  strong  ultra-violet  pair 
homologous  to  the  isolated  doublets  of  Cu  and  Ag  just  men- 
tioned. 

The  greater  or  less  perfection  with  which  the  series  in 
the  spectra  of  the  elements  are  developed  may,  perhaps,  be 
partially  explained  by  the  following  consideration  : 

The  elements,  when  heated,  to  the  temperature  of  the 
electric  arc,  are  in  very  different  relative  states.  The  abso- 
lute temperature  of  all  is  the  same,  but  they  are  not  at 
corresponding  temperatures,  that  is,  at  temperatures  equally 
removed  from  their  melting  points.  Now  it  is  with  the 
elements  of  highest  melting  points  that  the  series  are  least 
perfectly  developed,  which  would  indicate  that  the  tempera- 
ture of  the  arc  is  not  sufficient  to  bring  them  out.  In 
general,  the  lower  the  melting  point  the  more  perfect  is  the 
development  of  series  in  the  spectra.  This  fact  is  illus- 
trated by  the  following  table  : 
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Element. 

Melting  Point. 

Percentage  of  Lines  which 
Kail  in  Series. 

Ba     

1600 

1200 

1050 

960 

700 

700 

600 

410 

320 

iSo 

90 

62 

58 

38 

40 

Att 

4 

6 

Cu 

Ae: 

26 

Sr 

Ca 

20 
34 
64 
80 

Mg 

Zn 

Cd 

50 

Li 

Na 

Cs 

K 

Rb     

100 

Hg 

In  1892  Kaiser  and  Runge  published  their  results  for  Al, 
In  and  77.  As  in  the  other  groups  of  elements,  and  as  had 
been  found  previously  by  Rydberg,  they  found  two  series  of 
doublets  in  the  spectra  of  each.  These  are  respectively  dif- 
fuse and  sharp,  ending  at  the  same  place,  and  therefore 
analogous  to  the  subordinate  series  of  the  alkali  metals. 

In  1893  they  gave  the  results  which  they  had  obtained  for 
Sn  and  Pb,  As,  Sd  and  Bt.  They  did  not  find  the  regularity 
which  they  had  established  for  the  first  three  groups  of  the 
periodic  system.  Nevertheless,  these  spectra  exhibit  a 
certain  order,  since  there  are  groups  of  lines  whose  frequen- 
cies differ  by  a  constant.  They  state  in  a  foot-note  that  Mn 
is  the  only  element  not  in  the  first  three  groups  whose  spec- 
trum contains  two  series  of  triplets. 

In  1 896  Runge  and  Paschen  studied  the  spectrum  of  helium, 
and  found  that  it  resembled  the  result  that  would  be  ob- 
tained by  superposing  the  spectra  of  two  alkali  metals,  that 
is,  they  found  two  principal  series  and  four  subordinate 
series.  The}'-  drew  the  conclusion  that  the  gas  consists  of 
two  elements,  and  adopted  the  names  helium  and  parhelium 
for  them. 
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In  1898  the  same  observers  studied  the  spectra  of  O,  5  and 
Se.  The  spectrum  known  as  the  compound  line  spectrum  of 
O  was  the  one  investigated.  It  was  found  to  consist  of 
series  analogous  to  those  of  the  other  elements.  They 
found  six  series,  as  in  the  case  of  helium,  hence  their  conclu- 
sion from  spectroscopic  evidence  that  helium  is  a  mixture 
does  not  hold.  5"  and  Se  also  show  indications  of  two  prin- 
cipal series,  but  each  shows  only  two  subordinate  series. 
For  the  determination  of  the  lines  which  belong  to  the  prin- 
cipal series  they  used  the  relation  discovered  by  Rydberg 
between  the  sharp  subordinate  series  and  the  principal 
series.  This  relation  is  given  above  in  the  account  of  Ryd- 
berg's  memoir  of  1890,  but  in  another  form  it  is  somewhat 
more  easily  appreciated.  The  relation  is  this  :  The  differ- 
ence between  the  wave  numbers  of  the  common  limit  of  the 
subordinate  series  and  the  limit  of  the  principal  series  is  the 
wave  number  of  the  first  member  of  the  principal  series. 

Thiele  published  in  1897  and  1898  two  papers  dealing  with 
the  subject  of  series  in  spectra.  The  first  paper  states  that 
he  finds  that  the  formula  expressing  the  relation  existing 
in  spectra  is  some  function  of  («  -f  cf 

In  the  second  paper  he  resolves  the  third  carbon  band 
into  series. 

Up  to  1896,  the  hydrogen  spectrum  was  considered 
anomalous,  since  it  contained  but  one  series  of  lines.  In 
the  above  year,  however,  Pickering*  discovered  a  new  series 
of  lines  in  the  spectrum  of  (^  Puppis.  This  series  ends  at 
the  same  point  as  the  well-known  series  of  the  hydrogen 
spectrum  and  is  hence  the  second  subordinate  series  of  that 
spectrum.  Up  to  the  present  time  these  lines  have  not 
been  produced  in  the  laboratory. 

An  important  fact  showing  the  correctness  of  the  work 
that  has  been  done  in  resolving  spectra  into  series  was  dis- 
covered by  Humphreysf  in  1897.  In  investigating  the  shift 
toward  the  red  end  of  the  spectrum  that  is  produced  by 

*  Pickering.     Astrophysical  Journal,  5,  92,  1896. 
t  Humphreys.     Astrophysical  Jouriial,  6,  233,  1897. 
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increasing  the  pressure  of  the  gas  in  which  the  arc  giving 
the  spectrum  is  placed,  he  found  that  the  lines  in  any  series 
have  the  same  shift ;  that  is,  since  the  shift  is  proportional 
to  wave  length,  if  the  shifts  of  the  lines  are  divided  by 
their  wave  lengths  the  results  will  be  constant  for  all  the 
lines  in  any  one  series.  But  the  amount  of  the  displace- 
ment is  different  for  lines  belonging  to  different  series, 
although  they  may  have  approximately  the  same  wave 
length.  The  first  subordinate  or  diffuse  series  is  shifted 
about  twice  as  much  as  the  principal  series  and  the  second 
subordinate  or  sharp  series  about  four  times  as  much  as 
the  principal  series. 


PHOTOGRAPHIC  AND   MICROSCOPIC  BRANCH. 

Stated  meeting  held  November  8,  iSgg. 

PHOTOGRAPHIC  RECORD  WORK. 


DISCUSSION. 


The  Chairman,  Dr.  Henry  Leffmann,  announced  the  sub- 
ject for  discussion  and  invited  Dr.  Charles  F.  Himes  to  open 
the  subject. 

Dr.  Himes  spoke  as  follows  : — The  possibilities  of  photo- 
graphy as  an  art  preservative  were  fully  realized  at  the  first 
announcement  of  its  discovery.  It  promised  to  supplement 
the  printed  page  in  a  way  that  the  most  skilful  and  con- 
scientious artist  could  never  hope  to  do.  The  authorities 
of  the  Congressional  Library,  at  Washington,  doubtless  had 
this  in  mind  when  they  very  appropriately  associated  the 
names  of  Guttenberg  and  Daguerre  near  each  other  in  the 
saloon  of  inventors,  a  fact,  by  the  way,  that  seems  to  have 
escaped  the  notice  of  many  at  the  recent  meeting  of  the 
Photographers'  Association  of  America,  where,  after  an 
animated,  almost  indignant,  discussion,  resolutions  were 
passed,  and  a  committee  appointed  with  power  to  correct 
the  supposed  omission  of  recognition  of  the  inventor  of 
photography. 

Whatever  may  be  thought  of  the  adaptation  of  photogra- 
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phy  to  artistic  expression,  it  is  just  that  that  unfits  it  most 
for  art,  that  gives  it  its  high  value  for  observation  and 
record  work.  The  artist  or  the  draughtsman  can  employ  a 
sort  of  rhetoric  of  art,  a  way  of  putting  things,  to  accen- 
tuate what  he  wishes,  and  with  a  purpose  in  view.  He  can 
close  his  eyes  to  the  undesirable  or  disagreeable,  but  as  a 
record  his  work  is  always  necessarily  incomplete ;  for  at  his 
best  he  does  not  and  cannot  give  all  that  he  sees,  and  what 
he  does  give  is  always  colored  by  personal  bias  and  inter- 
pretation. The  camera,  on  the  other  hand,  without  sense 
of  beauty  or  even  sense  of  propriety,  with  no  point  to  make, 
no  preference  to  emphasize,  with  inability  to  reject  any 
more  than  to  select,  is  necessarily  mathematically,  even 
painfully,  accurate  into  the  minutest  details,  giving  a  com- 
plete record  with  the  unerring  precision  of  a  machine.  The 
importance  for  record  of  facts  of  this  degree  of  complete- 
ness, so  annoying  to  the  artist,  is  apparent  upon  reflection, 
that  as  no  condition  in  a  phenomenon  or  experiment  may 
be  regarded  as  trifling,  hardly  even  relatively  so,  so  for  the 
purpose  of  record  there  is  no  detail  in  the  pictorial  repre- 
sentation of  a  fact,  however  minute,  that  can  safely  be 
treated  as  trivial,  or  incidental.  What  may  be  misinterpreted, 
or  entirely  overlooked  to-day ,may  to-morrow  assume  the  high- 
est importance,  even  prove  to  be  the  germ  of  a  new  branch 
of  science.  Great  discoveries  often  spring  from  such  inci- 
dental facts.  How  many  inexplicable  defects  on  photo- 
graphic plates,  that  were  supposed  to  have  been  carefully 
shielded  in  the  neighborhood  of  Crookes  tubes,  turned  out, 
in  the  after-light  of  Roentgen  rays,  to  have  been  unrecog- 
nized pointers  to  that  discovery. 

Whilst  the  characteristics  of  photography  alluded  to 
were  recognized  at  the  very  beginning,  complete  realization 
of  expectations  based  upon  them  necessarily  awaited  fuller 
development  of  the  art ;  but  its  progress,  in  very  recent 
years,  has  been  so  rapid,  in  all  that  fits  it  for  record  pur- 
poses, that  unless  we  reflect  we  can  hardly  appreciate  its 
present  resources  in  this  respect,  and  the  widened  range 
of  possible  subjects.  To  note  briefly  some  of  these  points 
of  advance : 
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(i)  The  time  required  or  permitted  by  it  to  make  an  obser- 
vation and  record  it,  for  it  does  both,  formerly  within  very 
narrow  limits,  to-day  lies  between  extremes  almost  infinitely 
separated.  It  can  record  the  phenomenon  that  lasts  but  an 
instant,  which  the  eye  cannot  recognize,  and,  on  the  other 
hand,  since  the  perfecting  of  the  dry  plate,  it  can  look  and 
look,  not  only  with  unwearying  retina,  but  with  cumulative 
effect,  by  the  hour,  if  necessary,  bringing  into  range  of 
observation  and  record  facts  luminously  too  faint  ever  to 
come  within  the  range  of  direct  vision. 

(2)  Color  has  ceased  to  be  a  matter  of  much  concern. 
Orthochromatic  plates  will  reproduce  the  discolored,  the 
faded,  the  visually  indistinct,  or  even  invisible. 

(3)  Local  illumination,  and  time  of  day  or  night,  have 
become  very  secondary  matters  in  many  cases,  by  reason 
of  the  ready  response  of  modern  plates  to  the  various 
convenient  artificial  illuminants,  as  magnesium  light,  elec- 
tric light  and  even  gas  light.  Thus  the  interior  of  the 
pyramids  and  of  mines,  the  alcoves  of  libraries,  the  well- 
lighted  studio  have  become  practically  alike. 

(4)  Inaccessible  places  of  photography  have  come  to 
mean  only  those  inaccessible  to  man.  Freed  not  only  from 
the  impedimenta  of  tents,  solutions,  etc.,  of  the  olden  time, 
but  even  from  the  changing  bag  and  heavy  and  fragile  glass, 
the  camera  has  become  equally  the  vade  niecurn  of  the  glacier 
wanderer  and  the  ordinary  traveller. 

(5)  The  division  of  labor  which  the  modern  dry  plate 
permits  allows  the  exposure  to  be  made  by  the  one  who 
knows  best  what  is  wanted,  or  who  may  have  opportunity, 
and  the  development  to  be  made  by  the  one  whose  techni- 
cal knowledge  and  skill  may  elicit  the  best  results.  As  an 
illustration  from  my  own  experience,  some  years  ago,  after 
having  carried  the  camera  to  one  of  the  most  rugged  points 
in  Switzerland,  to  obtain  a  series  of  views  of  a  glacier  S3^s- 
tem,  on  my  return,  although  I  had  perhaps  as  large  and 
successful  experience  in  development  of  dry  plates  then  as 
most  amateurs,  for  want  of  time,  combined,  I  confess,  with 
some  want  of  faith  in  the  plates,  I  readily  committed  their 
development  to   Mr.  W.  H.  Rau,  and  I   am  fully  satisfied 
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that  he  obtained  delicacy  of  results  that  I  would  have  fallen 
short  of. 

The  topic,  "  Photographic  Record  Work,"  announced  for 
discussion  this  evening,  I  take  to  be,  then,  the  most  com- 
plete utilization  of  photography  for  making  and  preserving 
records  of  facts — using  the  word  fact  in  its  broadest  sense. 
This  term  has  been  introduced  from  England,  where  con- 
siderable attention  has  been  given  to  this  application  of 
photography  in  the  past  few  years,  first,  under  the  rather 
ambiguous  name  of  "survey  work,"  by  local  photographic 
associations,  and  more  recently  by  the  National  Photo- 
graphic Record  Association,  recognized  by  Parliament,  with 
the  British  Museum  as  its  depository.  According  to  its 
constitution,  and  announcements  made  of  its  work  from 
time  to  time,  it  is  confined,  almost  exclusively,  to  work  of  a 
general  historical  character. 

Thus,  among  the  contributions  of  Sir  Benj.  Stone,  M.P., 
who  has  been  especially  active,  are  photographs  of  interest- 
ing parts,  relics  and  documents  from  the  Palace  of  West- 
minster, of  ancient  ceremonies  of  state  at  the  Tower, 
survivals  of  mediaeval  usage  still  observed,  of  municipal 
records  of  London,  of  the  warrant  for  the  execution  of 
Charles  I,  showing  many  erasures,  and  from  the  Vatican 
archives,  of  love  letters  of  Henry  VIII  to  Anne  Boleyn,  as 
well  as  of  the  treatise  that  earned  for  him  the  title  De- 
fender of  the  Faith. 

Whilst  this  is  most  important  work,  and  is  not  conducted 
as  systematically,  to  any  extent,  in  this  country,  I  think 
there  is  an  equally  inviting  special  field  of  activity  open  to 
the  Franklin  Institute,  and  a  practical  plan  in  operation 
here  might  be  of  further  service  in  aiding,  as  well  as  stimu- 
lating, societies  more  distinctively  historical  in  the  prosecu- 
tion of  work  more  similar  to  that  of  the  British  associations. 
But  for  the  Franklin  Institute,  peculiarly,  the  time  seems 
opportune  for,  indeed  almost  demands,  the  beginning,  at 
least,  of  a  collection  of  photographs  of  scientific  and  in- 
dustrial subjects  that  with  time  would  become  as  unique 
in  interest  and  value  as  the  library  of  the  Institute  has 
become.  Whilst  such  a  collection  might  and  should,  of 
Vol.  CXLIX.    No.  891.  14 
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course,  contribute  to  the  rescuing-  and  fixing  permanently 
of  rapidly  disappearing,  or  endangered,  records  and  land 
marks  of  scientific  and  industrial  history,  by  the  duplica- 
tion of  old  documents  and  records,  photographs  of  histori- 
cal pieces  of  apparatus  and  machinery,  portraits,  etc.,  etc., 
never  to  be  acquired  too  soon,  I  think,  however,  the  main 
purpose  should  be  to  make  as  complete,  systematic,  practi- 
cal pictorial  record  of  scientific  and  industrial  facts  of  the 
day  as  they  occur.  We  make  scientific  and  industrial  his- 
tory as  rapidly  as  civil  history,  and  should  be,  at  least, 
equally  careful  for  its  preservation,  for,  unless  human 
nature  changes,  the  end  of  the  twentieth  century  will  want 
to  know  as  much  and  as  minutely  about  the  beginning  of 
it  as  we  do  now  about  that  of  the  century  just  closing. 
We  must  now  be  satisfied  with  drawings  of  that  period, 
often  crude,  and  always  limited  in  numbers;  they  can  ex- 
pect from  us  no  less  than  the  increased  facilities  for  pic- 
torial representation  of  to-day  entitle  them  to.  Perfected 
photography,  if  I  may  so  call  it,  has  made  this  a  picture- 
reading  age,  and  it  is  becoming  more  and  more  a  picture- 
demanding  age.  Just  as  the  business  man  in  this  type- 
writing age  turns,  almost  instinctively,  from  the  written 
communication,  so  even  the  scientific  man  will  turn  more 
and  more  from  the  purely  descriptive  page  to  the  pictorial 
page,  which  is  not  only  abbreviated  description,  but  by  aid 
of  photography  may  have  much  needed  completeness  of 
details  and  highest  authenticity.  As  an  illustration,  with 
a  local  interest  of  its  own,  I  have  here  a  photograph  of  a 
piece  of  apparatus  devised  and  used  in  investigation  by 
Prof.  Walter  R.  Johnson,  of  the  Franklin  Institute,  about 
seventy  years  ago,  which  he  called  a  rotascope.  It  has 
been  appealed  to,  and  substantiates  his  claim  to  the  inven- 
tion of  the  gyrascope  some  years  before  Foucault.  Pro- 
fessor Johnson  was  appointed  on  the  Perry  Japan  expedi- 
tion, and  sold  his  apparatus,  which  was  bought  by  Dickin- 
son College.  For  some  reason,  however,  he  did  not  accom- 
pany the  expedition.  More  than  thirty  years  ago,  upon 
assuming  a  chair  in  Dickinson  College,  I  encountered  this 
strange  apparatus.     Professor  Baird,  a  predecessor,  then  in 
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the  Smithsonian  Institution,  gave  me  the  facts  as  stated.  I 
rummaged  the  journals  of  that  period,  found  the  description, 
figure,  and  account  of  investigations  made  with  it.  One 
piece — the  orbital  rod — was  wanting.  A  piece  of  mahog- 
any on  the  scrap  heap  was  recalled,  which  I  had  had  once 
in  hand  to  fashion  into  something  else,  but  which  had  been 
placed  aside  because  of  manifest  evidence  of  contrivance 
and  design.  It  proved  to  be  the  missing  part  in  the  per- 
formance of  an  experiment  demonstrating  the  tendency 
of  a  body  rotating  on  an  axis  and  at  the  same  time  revolv- 
ing in  an  orbit,  to  conform  the  axial  motion  in  direction  to 
that  in  the  orbit.  In  connection  with  this,  attention  was 
called  to  the  fact,  mentioned  by  Biot  and  others  as  singular, 
that  the  heavenly  bodies  all  rotate  on  their  axes  in  the  same 
direction  as  they  revolve  in  their  orbits,  attributed  to  the 
first  cause  of  motion,  and  also  to  geological  theories  based 
on  changes  in  the  position  of  the  polar  axis.  It  is  in  itself 
an  exceedingly  interesting  experiment.  The  heavy  wheel 
of  the  rotascope,  put  in  motion  in  any  position,  soon 
assumCvS  a  position  with  its  axis  perpendicular  to  the  plane 
of  orbital  motion,  and  with  a  motion  conformable  to  it ; 
and  upon  reversing  the  orbital  motion,  it  soon  wabbles  with 
apparent  discomfort,  and  finally  reverses  its  vertical  posi- 
tion,  and  this  reversal  can  be  effected  several  times  before 
it  comes  to  rest.  The  case  should  be  capable  of  mathe- 
matical statement  and  solution.  But  to  return  to  the  point, 
from  which  we  have  been  led  into  a  longer  digression  than 
was  intended  by  the  interest  incidental  to  the  subject,  the 
account  given  in  the  Journal  of  the  Franklin  Institute  (Decem- 
ber, 1 831)  is  accompanied  by  a  careful  drawing;  but  it  does 
not  represent  the  apparatus  as  actually  employed.  Probably 
no  piece  of  apparatus  ever  was  constructed  on  the  model 
figured.  It  may  be  regarded  as  idealized,  as  was  not  only 
allowable,  but  natural.  But  this  photograph  of  the  more 
crude  actual  apparatus  possesses  a  character  and  authenti- 
city, as  well  as  historic  interest,  that  the  drawing  does  not. 
What  I  would  suggest  in  cases  of  this  kind  is  not  that  the 
author  be  deprived  of  the  privilege  of  an  ideal  drawing, 
but  that  such  drawings  be  supplemented,  in  many  cases, 
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by  photographs  of  the  actual  apparatus,  not  a  complete 
edition  of  photographs,  but  at  least  one  to  be  inserted  with 
the  article  and  the  drawing  in  the  bound  volume  of  the 
Journal  preserved  in  the  library  of  the  Institute.  There 
are  many  other  subjects  even  more  susceptible  of  such 
photographic  supplementation,  which  would  give  to  the 
volumes  of  the  Journal  in  the  library  a  completeness  and 
authenticity  for  record  and  reference  not  only  unique,  but 
of  possible  incalculable  value,  and  at  but  nominal  addi- 
tional expense. 

Among  such  subjects  of  even  greater  interest  are  many 
ephemeral  in  character,  as  exhibits  of  apparatus  illustrative 
of  processes,  methods,  etc.,  made  before  the  Institute  and 
its  several  sections,  that  have  more  than  a  passing  interest, 
sometimes  in  connection  with  elaborate  lectures  and  public 
■demonstrations  of  epoch-making  discoveries.  Accounts  of 
these  are  published  in  the  Journal,  reinforced  as  far  as  they 
can  be  with  liberal  illustrations,  but  such  displays  of  appar- 
atus, and  the  carefully  arranged  lecture  table  that  has  often 
absorbed  much  time  and  thought  and  expense,  could  be 
fixed  permanently,  at  least  as  to  its  most  important  features, 
in  a  few  minutes,  and  occasionally  even  some  prominent 
scientific  man,  who  will  not  live  forever  (in  the  flesh  j,  might 
be  caught  entangled  among  his  apparatus  ;  though  this  last 
may  be  an  unwise  suggestion.  If  but  a  single  print  were 
made  for  the  volume  of  the  Journal  in  the  library,  and  an- 
other for  an  independent  collection  of  photographs  of  such 
subjects,  the  trouble  would  be  repaid  in  a  short  time. 
Whether  and  in  how  far  such  photographic  illustrations 
should  be  furnished  other  libraries  or  subscribers  to  the 
Journal  might  be  a  matter  for  consideration. 

But  such  illustration  of  volumes  of  scientific  periodicals, 
or  even  of  books,  by  special  photographic  inserts,  is  second- 
ary in  importance  to  the  accumulation  of  an  independent, 
systematic,  classified,  indexed  collection  of  photographs  of 
scientific  and  industrial  interest,  from  any  sources,  as  notes 
for  reference,  and  records  for  confirmation,  arranged  for 
convenience  of  reference,  with  proper  regard  for  the  preser- 
vation of  the  photographs.   This  last  is  especially  important. 


Mar.,  1900.]  Photographic  Record   Work.  213 

as  the  collection  should  consist  of  direct  prints  from  the 
negatives,  not  of  photo-mechanical  reproductions;  for 
although  the  latter  have  high  value,  they  lack  the  quality- 
akin  to  original  entry,  as  well  as  the  minute  accuracy  and 
■possibility  of  magnification  which  belong  to  the  photograph. 

Care  should,  of  course,  be  exercised  in  the  collection  for, 
or  admission  into,  the  collection,  which,  as  it  does  not  rest 
on  pictorial  value,  nor  even  in  all  cases  on  technical  excel- 
lence, but  upon  the  record  value,  might  contain  many  prosy 
or  even  at  times  positively  ugly  and  inartistic  pictures. 

Whilst  at  first  many  subjects  may  suggest  themselves  as 
desirable,  and  efforts  be  made  to  secure  them,  the  chief 
value  of  the  accumulation  will  lie  rather  in  its  gro\yth  with 
the  years,  gathering  up  everything  worth  preserving,  than 
in  immediate  acquisitions. 

As  to  sizes,  processes,  technical  excellence,  etc.,  whilst 
there  should  be  standards,  recommended  at  least,  the  ac- 
ceptance of  any  photograph  offered  should  be  based  entirely 
on  its  character  and  desirability  as  a  note. 

There  is  only  one  other  suggestion  that  I  \yould  desire  to 
impress  specially,  namely,  that  provision  should  be  made  for 
stereoscopic  pictures.  It  is  not  a  question  whether  most  or 
many  persons  are  accustomed  to  or  even  can  use  the  stereo- 
scope, but  simply  as  to  whether  such  pictures  have  possi- 
bilities for  representation  and  record  that  other  pictures  have 
not.  Where  position  in  space,  or  form,  is  to  be  represented, 
the  value  of  such  pictures  is  too  well  known  to  be  discussed, 
but  to  emphasize  the  statement  I  submit  a  stereograph  of 
a  series  of  sparks  of  a  Holtz  machine.  Either  single  pic- 
ture presents  simply  a  bundle  of  interlacing  lines;  both 
combined  in  the  stereoscope  exhibit  lines  of  definite  shape, 
separated  and  located  in  space.  So  in  a  single  picture  by 
the  Rontgen  rays  there  is  nothing  to  locate  an  object,  but 
by  two  such  pictures,  stereoscopically  related,  the  object  at 
once  assumes  its  proper  position.  Soon  after  the  discovery 
of  Professor  Rontgen  I  received  from  Professor  Elihu 
Thompson  stereographs  taken  by  means  of  it,  and  I  have 
here  a  radio-stereograph  of  a  mouse  taken  by  a  German, 
which  is  very  effective. 
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With  this  rather  hurried  presentation  of  the  subject  I 
hand  it  over  for  further  discussion,  knowing  that  there  are 
those  present  who  have  done  work  unsurpassed  in  the  re- 
production of  old  documents  and  prints,  and  there  are  many 
points  of  interest  to  be  brought  out,  especially  the  part  that 
may  be  played  by  the  representation  of  color  in  this  connec- 
tion. 

The  Chairman  : — A  phase  of  photographic  record  work 
that  has  attracted  but  little  attention,  but  seems  to  be  capa- 
ble of  valuable  applications,  is  the  reproduction  of  ofiPicial 
documents,  especially  those  relating  to  property.  At  the 
present  time  the  city  of  Philadelphia,  for  example,  main- 
tains a  large  force  of  clerks  for  the  copying  of  deeds,  mort- 
gages and  other  papers  relating  to  real  estate.  These  copies 
are,  of  course,  liable  to  error,  their  production  takes  much 
time  and  they  are  bulky.  By  photography  a  deed  or  mort- 
gage could  be  copied  at  once  and  with  absolute  accuracy, 
and,  moreover,  in  much  smaller  space  than  is  now  possible, 
which  last  point  suggests  a  saving  in  the  matter  of  handling 
and  storage.  Moreover,  several  reproductions  could  be 
made  from  the  same  negative,  and  kept  in  different  places, 
thus  rendering  the  loss  of  any  set  a  matter  of  no  serious 
moment. 

Mr.  Louis  Edward  Levy  : — A  photograph  being  in  its 
very  nature  a  record  of  the  thing  photographed,  it  follows 
that  the  subject  of  photographic  record  work  is  limited  only 
by  the  definition  of  the  phrase  itself.  If  we  confine  this 
definition  to  the  idea  of  recording  present  facts  for  future 
reference,  and  leave  out  of  our  purview  all  the  many  illus- 
trative uses  of  photography,  all  its  utilities  as  an  art  of 
graphic  reproduction  and  all  the  vast  domain  of  its  aesthetic 
capabilities,  there  still  remains  a  practically  boundless  field 
of  photographic  work. 

Much  of  this  field  has  already  been  surveyed  by  Professor 
Himes  in  his  presentation  of  the  subject.  Reverting  to 
such  of  its  aspects  as  have  particularly  impressed  me  in  the 
course  of  my  experience,  I  am  brought  first  of  all  to  a  con- 
sideration of  the  peculiar  value  of  photography  as  a  means 
of  recording  the  personal  data  of  history. 
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Looking-  around  in  any  portrait  gallery,  such,  for  a  typi- 
cal instance,  as  the  large  collection  of  portraits  from  the 
Revolutionary  epoch  recently  loaned  by  one  of  our  public- 
spirited  citizens  for  exhibition  at  Independence  Hall,  or  the 
similar  collection  of  pictures  that  hang  permanently  on  its 
walls,  one  feels  instinctively  that  however  graphic  may  be 
these  representations,  they  are  not  autographic.  They  are, 
so  to  speak,  translations  of  the  original. theses,  good,  bad  or 
indifferent,  according  to  the  competency  of  the  translator. 

They  bear  inevitably  the  impress  of  the  translator's  in- 
dividuality ;  like  all  translations,  they  render  their  subject 
in  the  form  of  a  paraphrase,  which  may  mean  more  or  less, 
or  something  very  different  from  the  original.  The  con- 
sciousness which  directs  the  artist's  hand  unavoidably 
affects,  to  a  more  or  less  positive  degree,  his  perception  of 
his  living  subject,  and  the  portrait  thus  produced,  however 
skilfully  it  may  be  drawn  or  painted,  is  a  reflex,  not  alone 
of  the  physiognomy  of  the  subject,  but  also  of  the  artist's 
conception,  or  preconception  of  that  subject.  Frequently, 
this  preconception  results  in  a  deliberate  and  studied  ideal- 
ization, admirable  enough  in  its  way,  but  wholly  worthless 
as  a  record  of  the  truth  of  nature. 

In  this  respect  there  is  nothing  that  approaches  the  value 
of  a  photographic  portrait.  Assuming  it  to  have  been  pro- 
duced under  a  normal  light  and  through  normal  instrumen- 
talities, the  photograph  presents  its  portrait  record  faith- 
fully, slavishly  perhaps,  but  still  with  absolute  fidelity. 
The  photographic  portrait,  whatever  other  quality  it  may 
possess  or  lack,  has  at  least  the  one  quality  of  verisimili- 
tude. There  is,  in  fact,  no  other  province  of  photography 
so  especially  its  own  as  that  of  portraiture.  Even  though 
the  subject  be  unfavorably  lighted  or  ungracefully  posed,  and 
however  deficient  the  picture  may  be  in  its  artistic  elements, 
the  photographic  portrait,  unless  deliberately  modified  by 
a  retoucher's  hand,  is,  in  its  very  essence,  true  to  nature, 
and,  therefore,  true  to  the  truth.  That  minute  fidelity  to 
nature,  which  is  the  most  marked  characteristic  of  a  photo- 
graph, attains,  indeed,  a  special  quality  of  value  in  the 
case  of  a  portrait.  The  subtle  verisimilitude  of  the  photo- 
graphic record  affords  a  representation  of    nature  whose 
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truth  and  realism  no  artistic  idealization,  however  well 
directed  or  well  informed,  can  adequately  replace,  and 
where,  as  in  portraiture,  the  record  to  be  made  is  that  of 
the  most  subtle  of  all  of  nature's  expressions,  the  expres- 
sion of  human  nature,  the  record  of  the  camera  is  at  once 
the  most  impartial  and  the  most  complete. 

The  value  of  photographic  portraits  as  data  for  ethno- 
logical studies,  and  ultimately,  doubtless,  for  sociological 
deductions  as  well,  has  been  fully  recognized  by  competent 
biologists.  For  scientific  purposes  photographic  records 
are,  of  course,  alone  available,  but  the  significance  of  such 
records  is  forcibly  suggested  to  us  when  we  look  upon  the 
portrait  busts  of  Greek  or  Roman  leaders  which  have  re- 
mained to  us,  or  the  physiognomies  of  the  Middle  Ages  as 
preserved  for  us  on  the  coins  and  painted  miniatures  of  that 
period,  or  those  of  the  later  generations  depicted  for  us  by 
Diirer  and  others  of  that  epoch.  At  the  present  time  we 
have  photographic  portraits  of  only  two  or  three  genera- 
tions at  most.  The  oldest  of  these  are  the  daguerreotypes 
of  some  fifty  j^ears  ago,  and  they  are  but  few  and  far  be- 
tween, rare  heirlooms  of  the  camera's  earliest  days.  Nowa- 
days, however,  almost  every  one  has  a  picture  "  taken  " 
more  or  less  frequently,  and  in  time  these  portraits,  now 
produced  in  time-proof  form  by  various  processes,  will  afford 
valuable  records  for  the  scientist's  use.  Already  our  family 
albums  throw  an  interesting  light  on  the  subject  of  heredity, 
and  afford  extensive  data  for  such  a  study  of  that  subject 
as  that  published  some  years  ago  by  the  late  Professor  Cope 
in  the  American  Naturalist.  ■ 

There  is  another  aspect  of  photography  as  a  means  of 
recording  facts  that  has  especially  come  to  my  notice,, 
namely,  in  recording  topographic  changes.  I  was  recently 
shown  by  a  friend  a  little  snapshot  picture,  made  by  him 
last  summer  at  Fort  Sumter,  looking  inward  towards 
Charleston  harbor.  It  happened  that  the  point  of  view 
was  almost  identically  the  same  as  that  from  which  I  had 
myself  made  a  stereoscopic  view  some  tw^enty-five  years 
ago.  Both  exposures  were  made  at  low  tide,  and  the 
changes  which  the  harbor  improvement  at  Charleston  had 
effected  in  the  conformation  of  the  landspit  which  is  visible 
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at  low  tide  were  very  markedly  brought  out  by  a  compari- 
son of  the  two  photographs.  Another  similar  instance  is 
the  change  produced  in  the  brink  of  Niagara  Falls  by  the 
erosion  of  the  cataract,  and  which  may  now  be  studied  in 
photographs  made  at  intervals  of  thirty  to  forty  years.  Xo 
drawings  could  render  this  subject  with  such  graphic  detail 
as  do  the  photographs,  which  afford  a  survey  at  once  accu- 
rate and  indisputable. 

In  fact,  surveying  by  photography  is  now  being  reduced 
to  a  science,  but  I  will  not  further  dwell  upon  the  subject. 
The  uses  of  photography  for  the  making  of  scientific  records 
are  as  obvious  as  they  are  many,  and  the  field  of  its  appli- 
cation is  constantly  widening. 

Mr.  F.  E.  Ives  remarked  that  there  was  still  one  feature 
that  had  not  been  touched  upon,  namely,  the  importance  of 
the  element  of  color  in  some  record  work.  He  said  that 
the  kromskop  system  was  now  being  successfully  em- 
ployed to  record  and  reproduce  colors  as  well  as  forms 
in  disease  and   surgery,  and    quoted    Dr.  Keen  *  to   show 

*  A  demonstration  of  color  photography  at  the  College  of  Physicians  of 
Philadelphia,  by  Mr.  Frederic  E.  Ives,  took  place  on  Wednesday  evening, 
November  ist.  In  introducing  the  inventor,  the  Vice-President,  Dr.  W.  W. 
Keen,  called  attention  to  the  value  of  this  method  of  photography  as  applied 
to  several  departments  of  medicine,  especially  in  pathology,  surgery,  internal 
medicine  and  dermatology.  The  difficulty  of  reproducing  by  drawings  the 
exact  pathologic  appearances,  for  example,  of  pneumonia,  apoplexy  of  the 
brain,  infarct  in  the  kidney,  cancer  of  the  liver,  etc.,  is  very  great,  but  a  good 
photograph  by  this  method  would  give  a  far  better  and  more  accurate  idea  of 
the  appearance  to  the  student.  The  tints  are  exactl}'  reproduced,  so  that 
whether  it  is  employed  in  teaching  or  in  demonstration  of  specimens  in'  con- 
nection with  a  paper  before  a  society,  it  would  be  invaluable.  The  same 
would  apply  to  surgery,  as,  for  example,  the  appearance  of  an  ulcer,  of  an 
ulcerated  carcinoma  of  the  breast,  of  cystitis,  or  the  varying  appearances  on 
section  of  carcinoma  and  sarcoma. 

In  medicine,  he  was  a  little  uncertain  whether  the  instrument  was  delicate 
enough  to  show  the  taches  rouges  of  typhoid,  though  it  would  probably  show 
the  petechial  spots  of  purpura  and  possibly  of  t}phus.  Jaundice  could  be 
well  shown,  the  appearance  of  the  vaccine  vesicle,  the  differentiation  between 
smallpox  and  chickenpox  would  be  facilitated  very  much  by  such  photographs. 
In  dermatology  it  goes  without  saying  that  all  of  the  affections  of  the  skin  in 
which  color  enters  could  be  well  reproduced.  It  would  be  well  if  our  hospitals 
especially  would  furnish  themselves  with  outfits  for  the  purpose  of  taking 
such  photographs,  and  gieat  improvements  undoubtedly  would  follow  the 
•wide  use  of  the  method. — Phila   Medical  Joui-nal,  Nov.  4,  iSgg. 
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the    undoubted    success    and    importance    of    such    appli- 
cations. 

Dr.  Himes: — There  is  one  point  not  fully  brought  out  in 
these  statements  in  connection  with  the  kromskop  ;  that  is 
the  reproduction  not  simply  of  color,  but  of  that  often 
equally  characteristic  but  less  definable  appearance  of 
luster. 


IN  MEMORIAM. 

WILLIAM    PENN   TATHAM. 


William  Penn  Tatham,  who  died  on  August  5,  1899, 
while  temporarily  sojourning  at  Atlantic  City,  was  the  last 
survivor  of  five  notable  brothers,  George  N.,  Henry  B., 
Benjamin,  Charles  B.  and  the  subject  of  this  memoir,  who 
was  born  near  Frankford,  Philadelphia,  in  the  year  1820. 
In  1840,  the  brothers  formed  a  partnership  for  the  purpose 
of  manufacturing  lead  pipe  and  sheet  lead,  and  located 
their  establishment  on  Prune  (now  Locust)  Street  below 
Sixth  Street.  Their  business  soon  grew  to  be  of  such  im- 
portance as  to  require  enlarged  accommodations,  which  were 
obtained  on  Delaware  Avenue  below  South  Street,  whereby 
greater  facilities  were  acquired  to  meet  the  increased  de- 
mand for  the  specialties  they  manufactured.  Later,  the 
works  were  removed  to  the  building  on  Fifth  Street  above 
Locust,  which  had  been  especially  designed  for  their  pur- 
poses by  William  P.  Tatham. 

More  machinery,  of  a  heavier  and  better  character,  was 
installed,  and  its  operation  and  maintenance  were  man- 
aged by  the  junior  member  of  the  firm;  a  duty  for  which 
he  was  well  qualified  by  his  aptitude  for  mechanics.  The 
most  important  feature  of  their  business  was  the  introduc- 
tion into  this  country  of  solidly-drawn  lead  pipe,  and  the  con- 
sequent rejection  of  the  method  then  in  vogue,  known  as 
the  "  draw-bench,"  in  which  the  longitudinal  edges  of  lead 
strips  of  limited  lengths  were  brought  together  and  com- 
pressed into  close  contact,  and  the  lips  soldered  to  each 
other,  and  then  rounded  up  by  a  die — a  slow,  laborious  pro- 
cess.    In  the  improved  process,  the  pipe  was  solidly  drawn 
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or  forced  by  hydrostatic  pressure  through  annular  dies, 
which  were  supported  in  the  bottom  of  a  receptacle  for 
melted  lead.  When  a  charge  of  hot  metal  became  reduced 
in  temperature  until  upon  the  point  of  solidifying,  it  was 
■ejected,  forcibly  and  continuously,  through  the  die,  in  un- 
limited lengths  of  uniform  diameter  and  without  seams. 
This  effected  a  material  gain  in  time,  in  durability  of  the 
product,  and  in  the  quantity  of  stock  required  to  produce 
pipe  of  a  given  capacity. 

Mr.  Tatham  devised  an  improvement  in  the  prepara- 
tion of  ingots  or  slabs,  intended  for  rolling  into  sheets. 
These  were  cast  in  open  moulds,  which,  on  being  filled 
with  hot  metal,  sometimes  ruptured  or  became  distorted, 
and  delivered  the  content  when  cooled  with  its  edges  or 
sides  in  uneven  thicknesses.  This  disadvantage  was  over- 
come by  a  judicious  construction  of  the  mould  in  wrought 
iron,  which  retained  its  shape  and  durability.  Many  other 
devices  used  in  the  works  were  originated  by  him,  and  which, 
though  seemingly  unimportant  in  themselves,  were,  in  the 
aggregate,  advantageous,  and  added  materially  to  the  facili- 
ties of  the  manufactory. 

Mr.  Tatham  traveled  extensively  in  Spain  and  in  other 
parts  of  Europe,  also  in  Egypt,  up  the  Nile ;  then  through 
England,  where  he  made  many  friends.  On  his  return 
home,  in  1850,  he  became  a  member  of  the  Franklin  Insti- 
tute ;  in  1870  he  was  elected  a  member  of  the  Board  of 
Managers,  and  in  1879  was  elected  to  the  presidency  of  the 
Institute,  and  held  that  position  until  the.end  of  1885.  He 
was  then  re-elected  a  member  of  the  Board  of  Managers, 
and  in  1887  was  elected  one  of  the  Vice-Presidents,  and 
continued  in  that  office  until  failing  health  caused  his  re- 
tirement in  1897.  During  his  long  connection  with  the 
Franklin  Institute  he  was  constant  in  his  devotion  to  the 
advancement  of  its  objects,  and  identified  himself  with  all 
its  important  transactions.  His  intimate  and  harmonious 
associations  with  men  prominent  in  business  affairs  and  in 
the  arts  and  sciences  enabled  him  to  enlist  their  sympathy 
and  aid  in  his  efforts  to  promote  the  purposes  of  the  In- 
stitute. 
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For  fifteen  years  Mr.  Tatham  held  the  congenial  posi- 
tion of  chairman  of  the  Committee  on  Library.  His 
knowledge  of  books  on  general  subjects  of  interest  and 
on  the  exact  sciences  enabled  him  to  make  selections 
from  new  contributions  to  science  that  seemed  worthy  of 
a  place  in  the  library,  and  to  him  it  was  a  labor  of  love  so 
to  enrich  it  with  works  of  reference  as  to  maintain  a  high 
standard  of  excellence.  Among  these  were  the  completed 
parts  of  the  British  and  French  reports  on  patents,  obtained 
by  favor  through  friends  residing  in  those  countries.  These 
publications  are  rare  and  invaluable  for  reference,  as  is 
evinced  by  their  constant  use  not  only  by  the  members  of 
the  Franklin  Institute,  but  also  by  the  legal  fraternity  and 
the  general  public  interested  in  inventions. 

Mr.  Tatham  was  chairman  of  the  Committee  on  Exhibi- 
tions in  1874,  on  the  occurrence  of  the  semi-centennial  anni- 
versary of  the  foundation  of  the  Franklin  Institute,  when 
the  Board  of  Managers  resolved  to  commemorate  the  event 
by  holding  an  exhibition  of  American  manufactures.  The 
time  was  auspicious.  The  custom  of  the  Franklin  Insti- 
tute of  holding  annual  exhibitions  had  been  departed  from 
chiefly  for  the  reason  that  there  was  in  existence  no  build- 
ing suited  to  the  purpose.  During  the  preceding  sixteen 
years  no  exhibition  had  been  held.  As  the  initial  step,  Mr. 
Tatham  was  fortunate  in  obtaining  the  consent  of  the 
Pennsylvania  Railroad  Company  to  use  their  freight  depot 
at  Thirteenth  and  Market  Streets,  then  about  to  be  aban- 
doned for  the  more  convenient  location  at  Thirty-second 
and  Market  Streets,  and  he  at  once  began  the  needed  pre- 
liminary alterations  and  additions,  and  by  his  unflagging 
energy  the  building  was  speedily  put  into  good  order,  and 
well  adapted  to  its  intended  use.  For  the  first  time  in  its 
history  the  Franklin  Institute  had  ample  quarters,  deserv- 
ing of  its  many  displays  of  American  manufactures.  The 
wisdom  shown  in  the  choice  of  location  and  the  promptness 
in  securing  it  were  admirable.  The  opening  was  happily 
ushered  in  and  the  broad  aisles  were  constantly  thronged 
with  visitors  from  far  and  near,  examining  the  greatest  and 
most  valuable  collection  of  American  manufactures  that 
the  Franklin  Institute  had  ever  secured. 
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The  result  proved  gratifying  to  all — visitors  and  exhibi- 
tors—and, incidentally,  also  to  the  treasury  of  the  Franklin 
Institute.  The  administrative  ability  of  Mr.  Tatham  and 
his  constant  general  supervision  and  attention  to  details, 
'  combined  with  his  success  in  enlisting  the  willing  aid  of 
many  able  coadjutors,  made  the  result  highly  satisfactory. 
In  many  of  the  previous  exhibitions  by  the  Franklin  Insti- 
tute the  expenditures  exceeded  the  receipts ;  but  in  this 
case  the  treasury  was  replenished  by  an  unprecedented 
profit  of  over  $50,000,  a  timely  addition,  which  for  some 
time  relieved  the  Institute  from  the  embarrassment  of  an 
insufficient  income. 

In  the  autumn  of  1884,  during  the  presidency  of  Mr. 
Tatham,  the  Franklin  Institute  decided  to  hold  an  exhi- 
bition devoted  to  the  electric  arts.  Again,  by  his  influ- 
ence, Mr.  Tatham  secured  the  aid  of  the  Pennsylvania 
Railroad  Company  in  furtherance  of  the  object,  by  obtain- 
ing without  charge  the  use  of  the  station  building  at 
Thirty-second  and  Market  Streets  and  of  the  vacant  lot 
adjoining  it  on  the  west  side.  Upon  these,  special  buildings 
were  erected  under  his  direction  by  an  active  committee  of 
the  Institute,  and,  when  completed,  and  the  exhibits  in- 
stalled, it  was  announced  to  be  opened  to  the  public  by 
introductory  remarks  by  the  President.  Of  this  exhibition, 
it  has  been  said  that  "Measured  by  its  results  in  stimulat- 
ing the  progress  of  electrical  arts  in  the  United  States,  it  is 
acknowledged  by  all  who  are  engaged  in  the  electrical 
industries  to  have  been  by  far  the  most  important  of  its 
kind  ever  undertaken." 

Mr.  Tatham,  in  1881,  began  to  put  into  shape  the  result 
of  much  thought  expended  by  him  on  the  possibility  of  con- 
structing an  accurate  transmitting  dynamometer,  that  is  to 
say,  the  production  of  a  machine  for  measuring  power, 
which,  being  placed  between  the  source  of  power  and  the 
machine  to  be  operated,  could  be  relied  upon  to  weigh  the 
power  required  to  operate  the  driven  machine  apart  from 
the  frictional  resistance  in  the  dynamometer  itself.  The 
Proney  brake,  considered  by  him  the  most  correct  method 
of  determining  the  power  of   a  steam  engine  or  a  water- 
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wheel  within  the  limits  of  the  power  of  such  a  brake,  does 
so  by  absorbing-  all  the  power  that  is  given  off.  Dynamo- 
meters of  the  Morin  type,  which  are  next  in  accuracy,  are 
limited  in  application,  while  many  existing  transmitting 
dynamometers  include  the  friction  of  the  instrument  in  the 
power  indicated.  The  main  idea  of  Mr.  Tatham  was  founded 
on  a  fact  not  g'enerally  considered  in  belt  transmission,  that 
the  journal  friction  due  to  the  weight  of  the  belt  or  the  ten- 
sion of  the  belt  is  constant  whether  no  power  is  being  trans- 
mitted by  the  belt,  or  whether  the  full  power  of  the  belt  is 
being  transmitted  from  one  shaft  to  another.  Thus  a  belt, 
transmitting  power  from  one  shaft  to  another,  is  capable  of 
transmitting  power  only  to  the  extent  of  the  adhesion  of  the 
belt  surface  to  the  pulley  surface,  due  to  the  ultimate 
strength  of  the  belt  and  its  pressure  on  the  pulley,  incident 
to  the  weight  or  tightness  of  the  belt  within  the  limit  of 
elasticity.  The  dominant  idea  in  Mr,  Tatham's  mind  was 
so  to  arrange  a  belt  operating  in  and  through  a  weighing 
machine  that  all  strains  shall  be  balanced,  the  only  one 
actual  weight  being  the  amount  of  force  or  strain  that  is 
being  transmitted  by  the  tight  side  of  the  belt  on  the 
dynamometer.  The  various  stages  through  which  this 
machine  passed  can  be  found  described  in  the  Franklin 
\ns\X\.\x\.Q  Journal,  beginning  with  the  paper  on  an  "  Improved 
Dynamometer,"  read  before  the  Franklin  Institute,  Novem- 
ber, 1881,  published  in  volume  CXII,  No.  5.  A  second  paper 
on  the  same  subject  will  be  found  in  volume  CXIV,  Decem- 
ber 6,  1882,  in  which  the  ideas  expressed  in  the  first  paper 
were  advanced,  and  the  machine  presented  to  the  Institute 
is  described  in  detail,  with  valuable  notes  as  to  the  results 
obtained  and  the  mode  of  calibrating  the  instrument.  On 
page  449,  volume  CXX,  July  to  December,  1885,  is  a  descrip- 
tion of  the  improved  dynamometer  on  the  same  principle, 
constructed  in  1884  for  the  Franklin  Institute  and  used  by 
the  Committee  of  Judges  at  the  Electrical  Exhibition,  June, 
1884.  This  instrument  was  capable  of  measuring  100  horse- 
power, and  was  used  to  determine  the  mechanical  equiva- 
lent of  heat  on  an  enormous  scale.  The  water  churn  was  a 
cylinder  3  feet  in  diameter  and  3  feet  long,  holding   1,223 
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pounds  of  water.  The  result  of  the  experiment  was  that 
the  mechanical  equivalent  of  1°  C.  is  1,391-05  foot- 
pounds, or  the  mechanical  equivalent  of  1°  F.,  772'8i  foot- 
pounds. Professor  Rowland's  figures  are  higher.  In  Mr. 
Tatham's  experiment,  after  the  exit  water  had  been  brought 
to  a  uniform  temperature,  the  experiment  proper  began  and 
continued  two  and  one-half  hours,  during  which  over  5 
tons  of  water  passed  through  the  churn  and  was  raised 
about  15*5°  C.  by  the  continued  exertion  of  46  horse- 
power. This  machine  is  now  deposited  with  the  University 
of  Pennsylvania,  and  is  used  to  great  advantage  in  the 
Engineering  Department,  under  the  direction  of  Prof.  H. 
W.  Spangler,  Sc.D. 

Mr.  Tatham  was  largely  instrumental  in  the  organization 
of  the  Pennsylvania  State  Weather  Service  in  1887,  in  con- 
nection with  the  U.  S.  Weather  Bureau,  which  lent  its  active 
cooperation  to  that  end.  He  acted  as  the  chairman  of  the 
Committee  on  Meteorology  during  the  entire  period  in  which 
the  Institute  conducted  this  work,  and  until  the  transfer  of 
the  Weather  Bureau  work  to  the  newly-created  Department 
of  Agriculture  removed  the  direction  of  the  service  from 
the  control  of  the  committee.  During  this  entire  period, 
covering  some  eight  years,  Mr.  Tatham  was  indefatigable 
in  his  zeal  and  industry  in  promoting  the  efficiency  of  this 
committee's  work,  giving  to  it  the  same  thoughtful  atten- 
tion that  he  was  accustomed  to  bestow  upon  every  responsi- 
bility which  he  assumed  in  his  relations  with  the  Franklin 
Institute.  Every  dollar  of  the  expenditure  of  the  appropria- 
tion made  by  the  State  Legislature  to  support  this  work 
received  his  critical  personal  supervision,  and  the  publica- 
tion of  the  Monthly  Bulletins  of  the  service  in  which  he 
manifested  the  greatest  interest  received  his  watchful  and 
solicitous  attention. 

Among  the  papers  that  he  contributed  to  the  Franklin 
Institute  it  may  be  noted  that  as  chairman  he  was  the  author 
of  a  majority  report  of  the  committee  on  the  "Enforced 
Adoption  of  the  Metric  System,"  in  place  of  our  present  sys- 
tem of  metrology.  This  report  was  adverse  to  its  adoption, 
and   is   worthy  of   note  as  a  full  yet  concise  history  of   the 
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subject,  and  a  valuable  contribution  to  its  literature.  In  its 
action  thereon  the  Institute  committed  itself  against  the 
enforced  adoption  of  the  metric  system,  but  approved 
the  legalized  use  of  it  in  whatever  case  or  under  what- 
ever circumstances  it  should  prove  most  useful  to  those  who 
elected  to  employ  it. 

Mr.  Tatham  was  elected  a  member  of  the  American 
Philosophical  Society  in  April,  1875  ;  he  was  promptly 
elected  as  a  Councillor,  and,  in  1897,  was  made  chairman  of 
the  Committee  on  Finance,  and  served  as  Treasurer  pro  tern. 
upon  the  decease  of  the  Treasurer,  Mr.  J,  Sergeant  Price. 
He  was  also  a  member  of  the  committee  appointed  to  devise 
a  plan  for  increasing  the  facilities  of  the  society  by  enlarg- 
ing the  space  to  be  devoted  to  the  display  of  its  books. 

During  Mr.  Tatham's  term  as  President  of  the  Franklin 
Institute  the  dress  sword,  which  was  worn  by  Dr.  Franklin 
upon  state  occasions,  was  devised  by  one  of  his  descendants, 
Mr.  R.  Meade  Bache,  who  was  then  in  possession  of  that  his- 
toric relic,  to  the  President  of  the  Franklin  Institute.  This 
sword  had  been  entrusted  to  the  care  of  the  Historical  So- 
ciety until  such  time  as  the  Franklin  Institute couldprovide 
a  safe  depository  for  it.  This  interesting  relic  is  now  in 
the  custody  of  the  Institute.* 

In  his  youth  Mr.  Tatham  was  intended  for  the  legal  pro- 
fession, but  his  natural  inclination  urged  him  to  follow  the 
more  congenial  pursuit  of  mechanics.  His  long  life-work  is 
evidence  of  the  fitness  of  his  choice.  He  was  a  man  of 
sound  judgment  and  firm  convictions,  prompt  and  faithful 
in  his  attention  to  the  requirements  of  his  official  duties, 
and  was  not  excelled  by  any  in  his  strong  interest  in  all  that 
appertained  to  the  welfare  of  the  Franklin  Institute  and  the 
sustainment  of  its  reputation. 

Mr.  Tatham  married,  in  1867,  Katherine  K.  Biddle,  daugh- 
ter of  James  Crowell  Biddle  and  Sarah  Caldwell  Keppele, 
who  survives  him. 

*  The  Franklin  sword  has  inscribed  upon  its  sheath  the  following  memor- 
anda :  Benjamin  Franklin,  1755;  B.  F.  Bache,  1790;  R.  Carr,  1797;  W. 
Duane,  1859  ;  H.  Bache,  i860  ;  R.  Meade  Bache,  Wm.  P.  Tatham,  Franklin 
Institute. 
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NOTES  AND  COMMENTS. 


A  NATIONAL  PARK  IN  THE  EAST. 

The  creation  of  a  great  national  forestry  and  game  reserve  in  northern 
Minnesota,  embracing  7,000,000  acres  around  the  headwaters  of  the  Missis- 
sippi River,  with  many  lakes  of  rare  beauty,  well  stocked  with  fish,  is  being 
actively  advocated  in  Congress  by  prominent  citizens  of  Chicago  and 
Minnesota.  The  promoters  of  the  plan  are  not  likely  to  experience  much 
difficulty  in  interesting  Congress.  The  game  and  the  virgin  forests  of  the 
United  States  are  disappearing  so  rapidly,  that  it  is  exceed'ngly  important 
that  measures  be  taken,  before  it  is  too  late,  to  save  some  of  the  great  wooded 
areas  of  the  continent. 

It  is  one  of  the  marked  features  of  the  legislative  and  popular  indifTerence 
to  their  best  interests  common  to  those  regions  that  such  enterprises  as  this 
never  originate  in  our  Southern  States.  Yet  there,  it  would  seem,  we  have 
the  most  promising,  most  adaptable  and  most  accessible  regions  for  such  pur- 
poses to  be  found  anywhere  within  our  national  limits.  Nearly  all  of  the 
forestry  reserves  that  have  been  established  up  to  the  present  time  are  in  the 
far  Northwest  ;  the  chief  of  them,  the  Yellowstone  National  Park,  is  inac- 
cessible to  the  great  majority  of  the  people.  Nothing  of  national  scope  is  to 
be  found  east  of  the  Mississippi  River. 

Within  about  a  day's  travel  of  New  York,  Philadelphia,  Baltimore,  Wash- 
ington and  most  of  the  Ailant'c  seaboard,  and  quite  as  accessible  to  Pitts- 
burgh, Cincinnati,  Louisville,  Indianapolis  and  St.  Louis,  there  are  vast 
stretches  of  virgin  forests — along  the  line  of  the  Great  Smoky  Mountains,  on 
the  border  between  Tennessee  and  North  Carolina — that  are  thoroughly  suited 
to  the  purposes  of  a  great  game  and  forest  preserve.  Going  up  from  the  low- 
lands at  Walhalla,  S.  C,  to  the  high  plateau  surrounding  Highlands,  N.  C, 
a  stage  trip  of  about  30  miles,  the  late  Professor  Gray,  the  eminent  botanist 
of  Harvard,  tells  us  that  he  encountered  a  greater  number  of  species  of  in- 
digenous trees  than  could  be  observed  in  a  trip  from  Turkey  to  England, 
through  Europe,  or  from  the  Atlantic  coast  to  the  Rocky  Mountain  plateau. 
The  region  surrounding  that  described  by  Professor  Gray,  especially  to  the 
west,  with  the  headwaters  of  the  Tennessee,  the  French  Broad  and  the  Savan- 
nah Rivers,  all  within  a  few  miles  of  each  other,  with  fertile  valleys  and 
mountain  elevations  of  5,000  feet  or  more,  and  a  density  of  verdure  unap- 
proached  elsewhere,  is  an  ideal  spot  for  a  preserve,  where  every  sort  of  North 
American  animal  or  fish  would  thrive  and  where  almost  every  tree  or  plant 
found  within  our  borders  from  the  Atlantic  to  the  Pacific  would  grow  uncared 
for.  The  land  in  this  region  is  still  purchasable  "  for  a  song,"  certainly  at  as 
little  as  or  even  less  than  that  obtaining  in  the  Northwest.  The  climate, 
while  sufficiently  severe  in  the  winter  to  suit  the  more  northern  species  of 
animal  life,  is  never  sufficiently  so  to  kill  great  quantities  of  game,  either  by 
freezing  or  through  lack  of  winter  food,  as  is  not  uncommon  in  the  North- 
west woods. 

Added  to  the  climatic  and  the  varied  physical  characteristics  of  this  region. 
Vol.  CXLIX.    No.  891.  15 
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which  especially  fit  it  for  the  purposes  in  view,  there  is  no  like  region  obtain- 
able where  the  varied  and  picturesque  scenery  so  admirably  adds  to  the  de- 
sirability of  the  location.  While  these  headwaters  are  singularly  devoid  of 
lakes,  there  are  ample  streams  running  through  deep  valleys  and  gorges 
which  render  the  production  of  artificial  lakes  and  reservoirs  a  matter  of  de- 
tail and  of  slight  expenditure.  Cascades  and  even  waterfalls  of  very  con- 
siderable dimensions  abound  on  every  hand,  vast  stretches  of  virgin  forests, 
with  an  evergreen  undergrowth  of  laurel,  kalmia,  rhododendron,  etc.,  afford 
ample  shelter  and  browsing  for  the  winter,  while  the  steep  mountain  sides, 
largely  covered  with  bowlders  and  rocky  ledges,  from  every  cranny  of  which 
dense  vegetation  springs  forth,  furnish  safe  homes  for  all  varieties  of  our 
smaller  mammals. 

A  park  that  would  take  in  the  region  along  the  Smoky  Mountains  around 
Clingman's  Dome,  or  the  southern  slopes  around  where  North  and  South 
Carolina  and  Georgia  meet,  in  the  middle  of  the  headwaters  of  the  Savan- 
nah River,  or  where  Tennessee,  North  Carolina  and  Georgia  meet,  would  not 
be  misplaced.  The  timber  and  mineral  wealth  of  the  regions  mentioned  are 
such  that  it  can  only  be  a  question  of  a  few  decades  when  these  mountain 
slopes  will  be  denuded  and  when  the  people  of  the  vast  valleys  that  depend 
on  these  watersheds  for  their  water  supply  will  suffer  from  the  blindness  of 
a  generation  that  could  not  foresee  the  otherwise  inevitable  and  combine  its 
prevention  with  the  benefits  of  an  enduring  national  park  in  the  populous 
East.  — Scicii  tific  A  merica  n . 


WASTE  PRODUCTS. 

In  a  recent  paper,  read  before  the  Engineers'  Club  of  Philadelphia,  John 
Birkinbine  presented  many  interesting  facts  relating  to  the  utilization  of  waste 
products,  one  of  which  has  special  interest  for  tin-plate  manufacturers.  Mr. 
Birkinbine  says:  "The  possibilities  of  utilizing  waste  in  a  single  direction 
were  suggested  by  a  visit  to  a  large  button  works  in  Connecticut,  where  I  was 
informed  that  90  tons  of  buttons  had  been  made  in  one  month.  The  material 
used  to  produce  these  buttons  was  the  remnants  of  the  sheets  of  tin  plate  from 
which  the  bottoms  and  caps  of  cans  for  blacking  and  other  boxes  had  been 
cut.  After  the  button  blanks  had  been  punched  from  this  tin-plate  the  small 
triangles  of  metal  connected  by  iron  threads  were  compressed  in  a  form  under 
a  drop-hammer,  and  subsequently  shipped  away  to  be  made  into  sash  weights." 


THE  MINERAL  RESOURCES  OF  THE   PHILIPPINE   ISLANDS. 

At  a  time  when  information  regarding  our  new  possessions  is  so  much  in 
demand,  the  memorandum  by  George  F.  Becker,  of  the  United  States  Geo- 
logical Survey,  on  the  mineral  resources  of  the  Philippine  Islands,  will  prove 
of  great  interest  and  value.  The  pamphlet,  which  was  printed  at  length 
in  a  recent  issue  of  the  Scientific  American  Supplement,  covers  all  the  main 
discoveries  in  the  geology  of  the  Philippines  which  are  of  economic  interest. 
The  data  were  obtained  from  various  soiirces,  including  unpublished  records 
in  the  Spanish  Mining  Bureau,  mine  reports  by  the  late  William  Ashburner, 
verbal  information  obtained  in  Manila,  and  from  various  technical  publications. 
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The  valuable  minerals,  as  far  as  present  knowledge  goes,  are  confined  to 
about  a  score  of  the  islands.  Luzon  heads  the  list  with  deposits  of  coal,  gold, 
copper,  lead,  iron,  sulphur,  marble  and  kaolin,  while  coal  and  gold  are  the 
two  minerals  most  commonly  found  in  the  other  islands.  The  Philippine 
Islands'  coal  is  a  highly  carbonized  lignite,  analogous  to  the  Japanese  coal 
•and  that  of  the  State  of  Washington,  but  not  to  the  Welsh  or  Pennsylvania 
coals.  It  is  thought  that  the  native  coal  might  be  made  to  supplant  the  Eng- 
lish or  Australian  coal  for  most  purposes.  Petroleum  is  found  in  Cebu,  where 
a  concession  has  been  granted,  and  there  are  evidences  of  natural  gas,  while 
oil  and  gas  are  reported  on  Panay. 

Gold  is  found  in  a  vast  number  of  localities  in  the  archipelago.  It  is  gen- 
erally detrital  and  found  in  watercourses  or  stream  deposits  now  deserted  by 
the  currents.  There  are  placer  deposits,  some  of  which  are  worked  in  a  crude 
way  by  the  natives,  and  some  of  the  gravels  are  adapted  to  hj'draulic  mining. 
In  one  of  the  islands  a  gold  quartz  vein  has  been  worked,  which  is  6  feet  in 
thickness  and  has  yielded  from  $6  to  $7  to  the  ton. 

Copper  ores  are  reported  from  a  great  number  of  localities,  northern  Luzon 
containing  a  copper  region  of  unquestionable  value,  where  the  ore  has  been 
smelted  by  the  natives  from  time  immemorial.  Other  of  the  deposits  are  de- 
scribed as  veins  of  rich  ore  23  feet  in  thickness. 

A  lead  mine  has  been  partially  developed  near  the  town  of  Cebii,  on  the 
island  of  that  name,  while  at  Torrijos,  on  Marnidugue,  a  metric  ton  of  argen- 
tiferous galena  is  said  to  contain  96  grams  of  silver,  6  grams  of  gold,  and 
565*5  kilograms  of  lead. 

Iron  ore  exists  in  abundance  in  Luzon,  Caraballo,  Cebu,  Panay  and  prob- 
ably in  other  islands.  The  finest  deposits  in  Luzon  are  near  Camachin, 
where  wrought  iron  is  produced  and  manufactured  into  plowshares.  Char- 
coal pig  might  be  produced  to  some  advantage  in  this  region,  but  the  lignites 
of  the  archipelago  are  probabl}'  unsuitable  for  iron  blast  furnaces. 

Of  non-metallic  substancts,  sulphur  deposits  abound  in  Luzon  and  other 
islands,  while  marble  of  fine  quality  occurs  in  the  island  of  Romblon  and  in 
the  provinces  of  Manila  and  Marong.  There  are  concessions  for  mining 
kaolin  in  Laguna  province,  and  the  pearl  fisheries  in  thcSulu  archipelago  are 
said  to  form  an  important  source  of  wealth. 

Taken  altogether,  the  above  statement,  coming  from  an  official  source,  es- 
tablishes the  fact  that  the  Philippine  Islands  have  a  solid  mineral  as  well  as 
agricultural  value.  When  the  pacification  of  the  islands  is  effected  a  promis- 
ing field  will  be  open  in  the  exploitation  of  the  actual  extent  and  value  of 
these  resources. 


ARTIFICIAL  SILK. 

The  production  of  artificial  silk  has  for  some  time  past  attracted  the  atten- 
tion of  experimenters  in  France,  and  we  learn  from  the  Scientific  American 
that  it  has  been  used  with  success  to  replace  natural  silk  in  certain  fabrics. 
The  Count  du  Chardonnet,  who  claims  to  be  the  first  to  have  successfully 
carried  out  the  process,  exhibited  some  fine  specimens  of  artificial  silk  at  the 
Paris   Exposition  of  18S9.     Since   then  he  has   perfected  his   system,  and,  at 
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the  present  time,  a  factory  of  considerable  importance  is  in  operation  at  Bes- 
an(;on,  under  the  direction  of  M.  Tricano.  This  factory  is  now  capable  of  pr  :;- 
ducing  150  kilograms  of  artificial  silk  per  day. 

Natural  silk  is  largely  made  up  of  a  body  called  "  fibroin,"  together  with 
other  substances  such  as  gelatin,  albumen,  wax,  coloring  matter,  fatty  and 
resinous  matter,  etc.,  the  cellulose  of  the  mulberry  leaf  being  thus  transformed 
by  the  silkworm.  The  nature  of  these  transformations  is,  of  course,  un- 
known, and  in  order  to  produce  a  substance  resembling  silk,  a  method  is 
adopted  by  which  the  cellulose  furnished  b}'  cotton  is  used  as  a  base.  The 
cotton,  having  been  transformed  into  nitro-cellulose,  orguncotton,  by  treating 
it  with  nitric  and  sulphuric  acids,  this  latter  is  dissolved  in  a  mixture  of  ether 
and  alcohol,  and  the  resulting  collodion  is  filtered  under  pressure. 

In  order  to  be  successfully  used  for  the  production  of  artificial  silk,  it  is 
found  that  the  collodion  must  be  allowed  to  "  age  "  for  a  certain  period  of 
time,  the  reason  of  which  has  not  been  definitely  settled  ;  however,  it  is  cer- 
tain that  the  collodion,  on  being  allowed  to  stand,  undergoes  certain  modifi- 
cations by  which  it  is  better  fitted  for  the  purpose.  It  is  then  run  into  cylin- 
ders, which  have  capillary  holes  in  the  bottom,  and  the  collodion  is  forced  out 
of  these  holes  under  a  pressure  of  forty  to  fifty  atmospheres.  It  comes  out  in 
the  form  of  white  cylindrical  filaments  ;  these  are  united  to  form  threads, 
•which  are  put  up  in  skeins  and  all  traces  of  alcohol  or  water  which  they  may 
contain  are  removed.  In  this  state,  however,  the  threads  are  extremely  in- 
flammable, partaking  of  the  nature  of  guncotton,  and  to  remove  this  difficulty 
they  must  be  "de-nitrated,"  that  is  to  say,  the  cellulose  must  be  brought  back 
into  its  normal  condition.  This  part  of  the  process,  which  is  indeed  an  es- 
sential one,  involves  considerable  difficulty,  and  has  been  experimented  upon 
for  some  time  by  M.  du  Chardonnet  and  others.  However,  a  process  has  at 
last  been  arrived  at  which  accomplishes  this  in  a  satisfactory  manner.  The 
details  of  this  process  have  not  as  yet  been  made  public  ;  but  it  is  certain  that 
by  this  operation  white  silky  threads  are  produced,  which  are  not  appreciably 
more  inflammable  than  natural  silk.  The  skeins  which  have  been  made  up 
of  these  threads  are  then  dyed  by  immersing  them  in  a  heated  bath  of  basic 
aniline  color. 


PRESSED  STEEL  CARS. 

Apropos  to  the  paper  of  Mr.  Loss  on  the  "  Pressing  of  Steel,"  just  pub- 
lished in  the  Journal,  the  following  editorial  comments  on  the  behavior  of 
pressed  steel  cars  in  collision  from  the  Philadelphia  Record,  will  be  of  interest  : 

"  The  announcement  which  was  made  a  few  weeks  ago  that  the  Carnegie 
Company  had  contracted  to  supply  1,000  tons  of  steel  a  day  for  ten  years  to 
the  Pressed  Steel  Car  Company,  of  Pittsburgh,  has  aroused  much  public  interest 
in  the  cars  referred  to,  and  the  question  has  been  asked  more  than  once  : 
'  What  would  be  the  effect  of  a  collision  or  other  mishap  on  a  railroad  train 
equipped  with  steel  cars?  '  The  Baltimore  and  Ohio  Railroad,  which  has  just 
passed  through  a  long  period  of  reorganization,  was  completely  remodeled  and 
modernized  in  its  rolling  stock  equipment  during  the  receivership,  and  when 
the  property  was  finally  turned  over  to  the  owners  the  company  possessed 
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about  6,000,  near]}'  new,  pressed  steel  cars.  The  Master  Car-biiilder  of 
the  Pittsburg  and  Western  Railway  (which  is  a  branch  of  the  Baltimore  and 
Ohio)  has  had  several  of  the  pressed  steel  cars  sent  to  his  repair  shops  from 
the  road  after  having  been  in  accidents  of  various  kinds,  and  his  report  on  the 
condition  of  the  cars  after  the  roughest  usage  in  collisions  is,  therefore,  inter- 
esting and  instructive.     Among  other  things  he  says  : 

"  '  Steel  car  No.  421 1  left  the  track  known  as  our  Negley  stone  track,  which 
is  about  10  to  15  feet  higher  at  the  point  where  car  left  track  than  our  main 
line.  Car  went  over  the  bank,  landing  on  main  track,  and  blocked  the  road. 
Our  superintendent  happened  to  be  on  board  a  passenger  train  which  came 
up  behind  this  trouble,  and  cleared  the  track  bj'  use  of  engine  and  chains. 
This  car  was  under  load  of  loo.ooo  pounds  of  crushed  stone.  The  sides  were 
crushed  in  aboi:t  18  inches,  bending  all  the  side  stakes  on  each  side  of  the  car, 
and  breaking  four  journal  boxes,  one  brake  shaft,  two  hand  holds,  one  wind- 
ing shaft  bent,  drop  door  attachments  bent,  brake  levers  and  guides  torn  off, 
truck  channel  bent  and  brake  beams  torn  off.  The  pressed  steel  diamond 
truck  under  this  car  was  subjected  to  a  great  deal  of  rough  usage  in  getting 
main  track  cleared,  as  it  would  be  reasonably  supposed  that  the  body  of  car 
received  some  very  rough  handling  to  avoid  delay  to  trains.  I  supposed  that 
I  would  have  to  remove  all  the  side  stakes  on  account  of  their  bent  condition, 
but,  fortunately,  we  made  a  good,  first-class  job  by  using  hydraulic  jacks  and 
hammering  ou  stakes  until  we  got  the  side  straightened.  The  material  re- 
quired amounted  to  fS.37  ;  labor,  $30.60;  total,  $3^  97-' 

"  '  I  might  also  add,  for  your  information,  which  is  very  important,  that  if 
a  train  of  wooden  cars  had  been  subjected  to  the  punishment  to  which  car  No. 
421 1  was  subjected  there  would  have  been  nothing  left  but  the  scrap.  In  this 
case  this  car  was  the  only  car  damaged  in  the  train,  it  being  so  solid,  substan- 
tially built,  etc.,  that  all  other  cars  behind  it  were  protected.  A  wooden  car 
would  not  have  stood  the  punishment  that  car  No.  4211  went  through  under 
such  heavy  load.' 

"  The  statements  in  this  report  (which  covers  several  different  accidents) 
prove  that  the  pressed  steel  car,  apart  from  its  enormous  carrying  capacity 
and  consequent  economy  as  compared  with  wooden  cars,  is  also  practically 
indestructible.  Even  a  single  car  in  a  train  acts  as  a  sort  of  buffer  to  protect 
the  other  cars  in,case  of  accident.  For  these  reasons  we  may  expect  to  see  a 
rapid  increase  in  the  number  of  steel  cars  in  use  on  passenger  trains  as  well  as 
on  freight  trains.  lu  point  of  fact,  there  is  no  apparent  reason  why  the  ordi- 
narj-  passenger  cars  and  drawing-room  cars  should  not  be  built  of  pressed 
steel.  The  probable  reason  that  steel  passenger  cars  have  not  yet  been  built 
is  that  the  Pressed  Steel  Car  Compan}-  has  been  in  operation  a  very  short  time 
(about  three  years),  and  has  had  more  orders  for  the  construction  of  freight 
cars  than  it  could  possibly  fill  up  to  this  time.  Pressed  steel  is  coming  more 
and  more  into  use  every  day  as  a  structural  material ;  for  it  has  been  found 
that  with  sufficiently  powerful  presses  rolled  steel  sheets  of  considerable  size 
and  thickness  can  be  readily  pressed  into  any  desired  shape,  and  at  a  moder- 
ate cost  where  many  duplicates  of  the  same  form  are  required. 

"  These  pressed  steel  pieces  have  immense  strength,  and  are  much  lighter 
than  steel  castings  intended  for  similar  purposes.  The  method  of  manufacture 
is  simply  an  enlargement  of  the  quick  method  of  stamping  sheet  brass,  tin  or 
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other  metal  into  shapes  for  fancy  boxes,  hardware  novelties,  bicycle  parts  and 
multifarious  metal  goods  of  small  size.  Car  wheels  have  been  made  of  pressed 
steel  for  some  time  past,  and  have  given  good  service.  The  process  of  press- 
ing steel  seems  to  occupy  a  position  midway  between  the  rapid  stamping  of 
small  or  light  articles  from  sheet  metal  and  the  slow  forging  by  powerful 
hydraulic  presses  of  red-hot  ingots  of  steel  into  great  guns,  enormous  shafts 
for  ocean  greyhounds  and  other  similar  heavy  work.  The  process  of  pressing 
steel  is,  we  believe,  capable  of  development  so  as  to  cover  a  much  wider  field." 


ANTIMONY  IN  BRASS. 

In  a  paper  read  before  the  American  Institute  of  Mining  Engineers,  Mr. 
E.  S.  Sperry  has  pointed  out  that  the  occurrence  of  cracks  during  the  rolling 
of  brass  is  due,  in  some  cases  at  least,  to  the  presence  of  impurities  in  the 
copper  of  the  alio}-.  In  certain  investigations  made  by  this  author,  he  added 
to  a  brass  composition  made  of  60  per  cent,  of  Lake  copper  and  40  per  cent, 
zinc,  quantities  of  antimony  varying  from  o'oi  per  cent,  up  to  o  65  per  cent., 
and  tested  the  behavior  of  the  alloys  thus  obtained  in  the  rolling  mill.  He 
found  that  when  the  percentage  of  antimony  reached'  as  much  as  o'02  per 
cent.,  the  fracture  of  the  rolled  metal  indicated  its  presence.  W. 


PROTECTIVE  COATINGS  FOR  THE  IMMERSED  PORTIONS  OF  IRON 

VESSELS. 

The  advent  of  iron  ships  has  been  accompanied  with  a  difficulty,  which 
has  not  yet  been  met  satisfactorily: — the  finding  of  a  suitable  protective  coat- 
ing for  the  immersed  parts,  to  protect  them  from  corrosion  and  the  attach- 
ment of  marine  plants  and  animals.  The  latter  is  the  more  troublesome,  and, 
especially  in  tropical  waters,  the  rapid  accumulation  of  marine  growths  of 
this  nature,  in  the  course  of  a  few  months  fouls  the  bottom  of  iron  ships  to 
such  an  extent  that  the  speed  is  reduced  to  one-half  or  even  more.  This,  of 
course,  materially  reduces  the  efficiency  of  a  vessel — especiall}'  of  a  naval  ves- 
sel— and  necessitates  frequent  docking  for  scraping  and  cleaning. 

The  old  plan,  generally  employed  with  wooden  vessels,  was  to  sheath  them 
with  copper  sheathing.  In  the  case  of  iron  vessels,  however,  this  cannot  be 
done  without  first  applying  wooden  sheathing  to  which  the  copper  can  be 
attached,  and  this  is  a  somewhat  expensive  operation,  which,  on  this  account, 
is  only  occasionally  resorted  to.  Nevertheless,  unless  some  efficient  substi- 
tute for  copper  sheathing  is  not  devised  in  the  near  future,  this  expensive 
method  will  have  to  be  adopted. 

Attempts  have  been  made  to  coat  the  iron  hulls  of  ships  with  copper  elec- 
tricall3',  by  a  process  of  electric  plating  on  a  huge  scale,  but  those  appear  to 
be  unsuccessful.  Meantime,  recourse  has  been  had  to  the  application  of  vari- 
ous paints  and  similar  protective  coatings,  none  of  which,  thus  far,  have 
proved  entirely  satisfactory. 

The  Chemiker  Zeitung  of  recent  date  contains  an  instructive  article  on 
this  subject,  from  which  the  following  information  is  derived.      The  author 
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enumerates  the  followiug  indispensable  conditions  for  a  protective  coating  for 
iron  ships  to  realize  the  requirements  of  service  :  ( i )  The  compositions  should 
protect  the  ship's  hull  from  corrosion  ;  (2)  they  should  form  a  smooth  surface, 
so  as  to  decrease  the  friction  ;  (3)  they  should  dry  quickly,  so  that  the  cleans- 
ing of  the  submarine  parts  and  the  application  of  a  double  coating  can  be 
■done  in  a  single  ^2,y.  In  the  case  of  new  steel  vessels,  the  black  scale  on  the 
plates  must  first  be  removed  by  the  use  of  acid  pickle  before  applying  the 
coating,  which  otherwise  will  drop  away  with  the  scale  and  permit  the 
exposed  metal  to  rust. 

The  author  describes  several  paint  compositions  that  have  been  used  for 
this  purpose,  and  gives  the  preference  to  that  proposed  by  Rahtjen.  This 
process  consists  in  employing  as  the  vehicle  a  solution  of  shellac  in  spirit,  to 
which  is  added  some  iron  oxide  and  a  small  proportion  of  linseed  oil  to  give 
it  elasticity.  This  first  or  priming  coat  is  intended  to  serve  for  insulating  the 
iron  hull,  and  is  followed  by  a  second  one  composed  of  the  same  materials 
with  the  addition  of  arsenic  and  quicksilver.  The  Rahtjen  compositions  are 
highly  commended  for  their  permanency,  as  the  salt  of  the  sea  water  has  but 
litile  action  on  the  shellac  which  constitutes  the  vehicle  of  the  paints.  The 
eihciency  of  the  second  coating  as  a  preventive  of  marine  growths  is  ascribed 
to  tlie  formaiion  of  mercuric  chloride  by  the  slow  action  of  the  sea  water  on 
the  quicksilver  contained  in  the  composition  and  which  acts  as  a  poison 
upon  the  marine  organisms.  These  paints  have  the  further  advantage  that* 
they  dry  quickly,  so  that  several  coats  may  be  laid  on  in  a  single  day 

Tne  defects  of  the  Rahtjen  paints  are  that  only  a  sm^U  quantity  of  mer- 
cury can  be  incorporated  in  the  paint,  as  otherwise  the  shellac  would  be 
affected,  and  that  the  effectiveness  of  the  paint  decreases  with  time  because  of 
the  slight  solubility  of  the  shellac. 

Of  the  mineral  poisons  incorporated  in  these  compositions,  copper  and 
mercury  have  been  found  most  efficacious.  Copper  would  be  preferable  on 
account  of  the  cheapness,  but  has  the  objection  that  when  the  insulating  or 
priming  coat  has  become  defective,  its  presence  ia  consiJerable  quantities  in 
proximity  to  the  iron  hull  is  apt  to  cause  rapid  corrosion  of  the  iron  by  gal- 
vanic action. 

The  author  of  the  article  above  referred  to  gives  some  instructive  informa- 
tion as  to  the  manner  in  which  the  efficiency  of  such  protective  compositions 
is  called  into  action.  Thus,  he  explains,  the  purpose  of  the  poisons  in  the 
paint  is  to  kill  the  germs  of  the  crustaceous  animals,  which  only  swim  about 
freely  durijig  the  first  stages  of  their  development,  and  in  seeking  a  perma- 
nent place  of  growth  attach  themselves  to  the  vess.-l's  hull.  While  the  ship 
is  moving  through  the  water  the  paint  layer  is  being  continually  affected  by 
friction,  so  that  the  sea  water  can  enter  into  chemical  action  -with  the  poisons 
of  the  paint,  whereby  there  results  the  production  of  an  antiseptic  (germicide) 
compound  on  the  surface  which  destroys  the  organisms  which  come  in  con- 
tact with  it ;  and  so  long  as  the  ship's  motion  is  continued,  fresh  portions  of 
the  paint  film  are  successively  exposed  with  the  same  result.  In  time  the 
antiseptic  action  of  the  paint  film  ceases  by  the  exhaustion  of  the  poisonous 
material,  when  its  virtue  as  preventive  of  marine  growths  ceases,  though  the 
insulating  coating  may  still  protect  the  hull  from  corros'on. 

Again,  when  the  hull  of  the  vessel  is  at  rest,  as  when  in  harbor,  the  con- 
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tinuous  formation  on  the  surface  of  the  paint  layer  of  an  antiseptic  sub- 
stance is  arrested,  being  rapidly  exhausted  by  the  vast  amount  of  animal  life 
coming  in  contact  wi.h  it,  and  not  being  renewed  by  frictional  contact  with 
the  water,  as  when  the  ship  is  in  motion.  This  is  the  explanation  of  the  fact 
that  a  vessel  in  port  (particularly  in  tropical  waters)  fouls  much  more  rapidly 
than  when  at  .sea.  It  is  observed,  however,  that  the  antiseptic  agents  which 
hive  thuj  become  exhausted  after  a  few  weeks'  detention  of  the  vessel  in 
port,  again  become  efTertive  after  putting  to  sea,  when  the  exhausted  parti- 
cles of  the  paint  skin  are  removed  by  friction,  exposing  a  new  poison-'atur- 
ated  surface. 

The  whole  subject  of  the  proper  protection  of  the  hulls  of  iron  vessels  from 
rusting  and  marine  growths  is  in  a  sort  of  transition  stage,  very  much  like 
that  of  finding  an  efficient  substitute  for  wood  on  warships  ;  for  notwithstand- 
ing the  many  remedial  agents  that  have  been  proposed,  none  of  them  has  fully 
met  all  the  requirements,  and  the  problem  still  awaits  its  solution.  W. 


KON-INFLAMMABLE  WOOD,  OR  A  SUBSTITUTE  THEREFOR. 

The  frightfully  destructive  character  of  modern  naval  warfare  is  rendered 
still  more  terrifying  hy  the  frequent  firing  of  the  inflammable  woodwork  by 
the  shells  that  penetrate  to  the  interior  of  the  vessels,  and  there  is  an  urgent 
demand  for  a  non-inflammable  w^ood  or  for  some  efficient  non-inflammable 
substitute,  by  all  the  navies  of  the  world.  There  is  no  dearth  of  processes  for 
rendering  wood  non-inflammable,  and  some  of  them  doubtless  are  possessed 
of  merit,  being  well  adapted  for  use  in  ordinary  construction,  where  slow 
burning  is  practically  all  that  is  needed  for  reasonably  good  fire  protection  ; 
but  when  subjected  to  the  extremely  severe  conditions  demanded  on  ship- 
board, none  of  these  products  have  succeeded  in  withstanding  the  tests.  The 
British  Admiralty,  some  time  ago,  subjected  a  number  of  these  processes  to 
careful  trial,  and  with  the  result  stated  above.  A  trial  of  this  nature  is  said 
to  have  been  made  on  the  U.  S.  Cruiser  "Brooklyn,"  which  also  proved 
unsatisfactory,  the  treated  wood  having  been  removed  and  replaced  with 
untreated  wood.  The  German  naval  authorities  also  have  given  the  subject 
anxious  attention,  but  thus  far  no  satisfactory  solution  of  the  problem  has 
been  found. 

The  products  that  have  thus  far  been  employed  seem  to  have  been  made  in 
part  by  the  processes  in  vogue  for  preserving  timber,  such  as  impregnation 
with  iron,  copper  or  zinc  salts,  and  in  part  by  impregnation  with  such  well- 
known  fireproofing  comj)ounds  as  tungstate  of  sodium,  phosphate  of  ammo- 
nium and  the  like.  For  one  reason  or  another,  however,  such  methods  of 
treatment,  while  answering  for  the  service  for  which  they  were  first  intended, 
prove  to  be  unsatisfactory  for  naval  requirements. 

It  has  been  suggested  to  try  the  efficacy  of  substitutes  for  wood,  but  in  this 
direction  also  the  experiments  that  have  been  ma  le  have  given  equally  unsat- 
is  actory  results. 

Here  would  seem  to  be  a  promising  field  for  the  inventor.  The  conditions 
to  be  met  by  such  a  substitute  are  toughness,  lightness,  resistance  to  wear 
underfoot,  non-inflammability,  non-conductivity  for  heat,  and  freedom  from 
liability  to  splinter  under  shell  fire. 
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At  one  period  it  was  thought  that  wood  might  be  largely  dispensed  with  in 
the  construction  of  warships,  and  this  idea  was  carried  out  in  the  building  of 
one  of  the  large  English  battleships,  but  it  was  found  to  be  quite  impracticable 
to  do  away  with  wood  or  some  similar  non-conducting  sheathing  in  the 
interior  of  such  vessels,  since  the  bare  metal,  almost  always  dripping  with 
moisture  in  the  interior,  is  likewise  found  to  be  extremely  culd  in  winter,  and 
unendurabl}'  hot  in  summer. 

The  German  naval  authorities  seem  to  hive  reached  the  conclusion  that 
the  most  practical  course  to  pursue,  at  least  until  some  satisfactory  process  for 
fireproofing,  or  an  efficient  substitute  for  wood  has  been  devised,  is  to  restrict 
the  use  of  wood  in  the  construction  of  their  warships  to  the  smallest  possible 
amount.  To  what  extent  they  have  succeeded  in  doing  this  will  appear  from 
statements  latel}'  made  by  Herr  Dietrich,  Conductor-in  Chief  of  the  German 
Navy,  which  are  abstracted  from  recent  impressions  of  Cassier's  Magazine. 
"Wooden  deck  planks  are  no  longer  laid  ;  steel  deckplating  is  covered  with 
linoleum,  sometimes  over  a  layer  of  cork.  In  the  crews'  quarters  the  sides  of 
the  ships  are  not  ceiled,  in  the  officers'  rooms  the  Ceiling  is  made  of  steel 
sheets,  lined  with  cork.  For  cabin  bulkheads  the  steel  is  covered  with  thin 
woolen  cloth,  and  with  cork  lining  underneath,  where  it  is  desirable  to  deaden 
sound  or  to  lower  the  temperature  *  *  *.  All  wood  is  removed  from  the 
ammunition  rooms  save  the  racks  for  shells  and  powder  charges.  *  *  * 
For  all  ladders  and  steps  steel  is  used  *  '■'  *.  Chart  houses  and  captains' 
rooms  are  made  entireh*  of  steel  and  fitted  out  with  non-combustible  materi- 
als. Since  all  such  changes  will  be  a  little  exaggerated,  it  seemed  to  be 
advisable  to  abandon  wood  for  the  interior  fittings,  and  especially  for  the  fur- 
niture, and  to  resort  to  fireproof  material  which  will  not  splinter.  Many 
things  were  tried  ;  furniture  was  made  of  steel  an  1  aluminum  lined  with  cork 
and  covert  d  with  linoleum  or  canvas,  but  it  was  not  equal  to  wood  furniture. 
Only  the  bedsteads  are  constructed  of  iron,  steel  or  brass.  The  insignificant 
quaotit}'  of  wood  in  the  few  pieces  of  furniture  when  ignited  is  not  considered 
a  dangerous  source  of  smoke,  which  is  confined  to  the  rest  of  the  outfit  of  the 
staterooms— the  mattresses,  blankets,  clothing  and  books." 

This  seems  to  be  carrying  the  exclusion  of  the  dangerous  element  of 
interior  woodwork  on  warships  to  the  very  lowest  practicable  limit,  and,  next 
to  employing  an  efficient  substitute  for  it,  is  doubtless  the  best  practice.  The 
difficulties  in  the  way  of  devising  such  a  substitute,  although  very  great,  are 
by  no  means  insurmountable,  and  it  would  not  be  surpri^ng,  in  view  of  the 
very  general  interest  now  being  taken  in  everything  pertaining  to  naval  affairs, 
if  an  earl  J-  solution  of  the  problem  were  found.  W. 


REMARKABLE  USES  OF  PEAT. 

One  of  the  most  interesting  and  attractive  exhibits  at  the  Vienna  Exposition 
of  last  year  was  a  building  containing  the  most  diverse  articles  made  from 
peat.  Everything  in  the  building,  from  the  carpets  on  the  floor  to  the  cur- 
tains at  the  windows  and  the  paper  on  the  wall,  had  been  made  from  peat. 
These  were  but  representatives  of  what  will  undoubtedly  soon  become  a  great 
industry  and  give  to  the  peat  bogs  of  the  world  a  value  never  before 
dreamed  of. 
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Credit  for  the  discovery  of  the  possibilities  of  peat  belongs  chiefly  to  a 
Vienna  gentleman,  Herr  Karl  A.  Zschorner.  His  investigations  into  its 
nature  began  some  twelve  years  ago  with  a  study  by  means  of  the  microscope 
of  what  is  called  in  Austria  "torfstreu."  This  is  the  layer  of  moss  which 
covers  the  surface  of  most  peat  bogs.  It  has  hitherto,  by  those  who  have 
made  use  of  the  peat  for  fuel,  been,  at  considerable  expense,  removed  and 
thrown  away.  Herr  Zschorner's  examination  showed  tliat  the  plant  remains 
which  make  up  this  layer  abound  in  hollow  spiral  cells.  These  absorb  water 
and  other  fluids  with  great  avidity.  While  ordinary  straw  cannot  absorb  over 
four  times  its  weight  of  fluids,  this  peat  straw  will  absorb  ten  times  its  weight. 
The  peat  straw,  moreover,  possesses  the  antiseptic  and  disinfectant  qualities 
of  peat,  qualities  which  have  long  been  known,  but  of  which  little  use  has 
been  made.  Herr  Zschorner  accordingly  hit  upon  the  idea  of  drying  the 
straw  and  using  it  as  an  absorbent  in  stables,  breweries  and  various  manufac- 
tories. For  such  purposes  it  proved  most  admirably  adapted,  and  the 
demand  for  the  product  soon  grew  large.  Having  greater  absorptive  power 
than  ordinary  straw,  the  peat  straw  can  be  used  much  longer  in  any  given 
place  and  yet  will  have  proportionally  greater  manurial  value.  It  gives  a 
healthy,  resilient  fooling  also  for  animals.  For  packing  of  both  perishable 
and  breakable  articles  it  is  also  better  than  ordinary  straw,  since  it  is  more 
elastic  and  less  easily  penetrated  by  heat  and  cold.  Another  form  of  peat 
which  was  found  to  be  a  better  absorbent  for  some  places  was  the  peat  itself, 
dried  and  ground  to  a  powder.  This  is  especially  adapted  for  use  in  earth 
closets  and  about  sinks  and  drains,  its  absorbent  power  and  disinfectant 
properties  making  it  admirably  adapted  for  these  uses. 

Herr  Zschorner  did  not  rest  his  investigations  here.  A  further  study  of 
the  peat  itself  showed  that  it  was  very  largely  made  up  of  fibers  These  fibers 
come  from  the  remains  of  reeds  and  grasses,  which,  growing  and  dying  in  suc- 
cessive generations,  form  the  peat.  In  their  submergence  the  reeds  and  grasses 
sufFeied  no  anatomical  change,  but  their  physical  and  chemical  character 
became  entirely  different.  The  organic  substance  of  the  plant  became  inor- 
ganic, so  that  nothing  capable  of  fermentation  or  decay  was  left,  while  the 
fibrous  structure  remained  intact.  These  fibers  then  were  found  to  have 
unusual  physical  properties.  They  were  found  to  be  verj"  durable,  very  elas- 
tic, to  be  non-conductors  of  heat  and  non-combuslible. 

If  a  fabric  could  be  woven' from, them,  it  would  be  one  possessing  unique 
properties.  To  the  toughness  of  linen  it  would  add  the  warmth  of  wool,  an 
absorbent  power  greater  than  that  of  cotton,  and  the  indestructibility  of 
asbestos.  It  must,  however,  be  woven  without  the  aid  of  oils  or  water,  or 
much  of  its  value  would  be  lost. 

After  twelve  j-earsof  experimenting,  Herr  Zschorner  succeeded  in  making 
the  peat  fibers  weavable.  There  is  now,  therefore,  scarcely  any  textile  article 
which  cannot  be  made  from  peat.  Coats,  hats,  carpets,  rugs,  ropes,  matting 
and  pillows  are  some  of  the  articles  which  have  been  made,  and  have  been 
found  useful.  What  superiority  these  will  prove  to  have  in  practice  over 
fabrics  made  from  other  fibers,  only  time  will  tell.  Some  of  them  have,  how- 
ever, already  been  proved  to  be  immensely  superior  to  anj'  other  fabrics. 
This  is  especially  true  of  the  blankets  and  other  coverings  used  for  horses 
and  cattle,  for  they  greath-  excel  in  warmth,  absorbent  power,  cleanliness 
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and  durability.  The  unspun  fiber  promises  to  be  a  valuable  substitute  for 
absorbent  cotton,  since  it  will  not  only  absorb  a  much  greater  quantity  of 
blood  and  other  fluids  than  cotton,  but  it  possesses  powerful  antiseptic  prop- 
erties as  well.  The  coarser  fiber,  it  is  expected,  will  come  into  favor  for  use 
in  upholstery  work,  its  extraordinary  elasticity  making  it  most  valuable 
for  this  purpose. 

The  latest  achievement  of  the  discoverer  of  the  uses  of  peat  has  been  the 
making  of  paper  from  its  fiber.  This  has  been  carried  to  such  an  extent  that 
paper  of  almost  every  variety  of  weight  and  quality  can  be  made,  while  the 
toughness  and  durability  of  each  is  equal  to  that  of  paper  from  any  kind  of 
vegetable  pulp.  The  above  are  but  a  few  of  the  uses  to  which  this  remarkable 
fiber  can  be  put,  but  they  indicate  possibilities  which  may  yet  rank  peat  bogs 
among  the  most  valuable  of  the  world's  resources. — Oliver  C.  Farrington,  in 
the  Scientific  American. 


CALCIUM. 

M.  Moissan,  of  the  University  of  Paris,  who  has  been  successful  in  the 
extraction  of  the  rare  metals  in  the  electrolytic  furnace,  has  recently  under- 
taken, according  to  the  Scientific  American,  a  series  of  experiments  with  the 
metal  calcium,  which,  although  abundantlj^  distributed  in  nature  in  the  state 
of  carbonate,  sulphate,  etc.,  has  not,  up  to  the  present  time,  been  prepared  in 
any  considerable  quantity  in  the  pure  state.  It  will  be  remembered  that  at 
the  commencement  of  the  century  Sir  Humphry  Davy  was  the  first  to  estab- 
lish the  exis'ence  in  lime  of  a  metallic  body,  and,  by  decomposing  it  by  an 
electric  current  in  the  presence  of  mercury,  he  obtained  an  amalgam  of  the 
metal  calcium.  Later  on,  in  1855,  Matthiessen  electrolyzed  a  mixture  of 
chloride  of  calcium  and  chloride  of  strontium,  and  thus  obtained  small 
globules  of  calciiim  having  a  yellow  color.  A  few  years  later  Jobin  prepared 
the  metal  by  a  purely  chemical  process,  causing  the  metal  sodiiim  to  react 
upon  iodide  of  calcium  in  fusion  contained  in  an  iron  crucible  ;  however,  the 
quantity  of  metal  obtained  was  small,  300  grams  of  iodide  giving  but  6  to  8 
grams  of  calcium  globules.  After  other  experiments,  scarcely  more  advan- 
tageous, M.  JNIoissan  has  been  the  first  to  obtain  a  relatively  considerable 
weight  of  the  metal.  He  employs  two  methods  ;  in  the  first,  which  is  purely 
chemical,  he  utilizes  the  property  which  calcium  possesses  of  dissolving  in 
liquid  sodium  at  a  dall  red  heat.  In  an  iron  crucible  of  i  liter  capacity  are 
placed  600  grams  of  anhydrous  iodide  of  calcium,  together  with  240  grams  of 
sodium.  The  whole  is  heated  to  dull  redness,  at  which  temperature  the 
sodium  unites  with  the  iodine  of  the  iodide  of  calcium,  and  the  calcium  set 
free  dissolves  in  liquid  sodium,  which  is  in  excess.  Upon  cooling  it  crystal- 
lizes in  the  middle  of  the  mass  of  sodium,  and  by  proper  separation  one  may 
obtain  brilliant  hexagonal  crystals  of  pure  calcium.  The  amount  of  the  latter 
is  equal  to  50  per  cent,  of  the  theoretical  weight  contained  in  the  iodide,  and 
40  grams  have  been  obtained  at  a  single  operation. 

The  second  process  employed  by  M.  Moissan  consists  in  the  electrolysis  of 
iodide  of  calcium  in  fusion  at  a  dull  red  heat.  A  cylinder  of  pure  nickel  is 
used  for  the  negative  electrode,  and  for  the  positive  a  rod  of  graphite.     The 
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calcium  thus  prepared  has  been  examined  as  to  its  physical  and  chemical 
properties.  Among  its  physical  properties  may  be  mentioned  the  following  : 
It  may  be  melted  in  vacuo  at  a  temperature  of  760°  C,  and  then  appears  as  a 
brilliant  liquid.  After  coiling,  the  metal  is  rather  soft,  and  may  be  cut  with 
a  knife.  It  may  be  broken  bj-  striking  it,  and  the  fracture  presents  a  crystal- 
line structure.  Its  surface,  when  it  has  not  beei  attacked  by  gases,  is  of  a 
clear  white  color,  approaching  that  of  silver.     Its  density  is  i"85. 

As  to  its  chemical  properties,  calcium  when  brought  to  redness  unites  with 
hydrogen,  forming  a  crystalline  hydride  ;  it  combines  with  chlorine  at  400° 
C,  and  with  bromine  and  iodine  at  a  dull-red  heat.  In  oxygen  the  metal, 
when  raised  to  300°  C,  gives  a  brilliant  combustion.  It  decomposes  water  at 
the  ordinar}'  temperature,  and  also  decomposes  sulphurous  acid  gas  with  in- 
candescence. When  heated  in  carbonic  acid  gas,  it  becomes  covered  with  a 
deposit  of  carbon.  Calcium  combines  with  sulphur  at  400°  C,  and  burns  with 
incandescence  in  the  vapor  of  phosphorus.  It  unites  with  carbon  in  the  state 
of  lampblack  below  redness,  and  produces  calcium  carbide.  Calcium  when 
cold  doas  not  unite  with  nitrogen,  but  when  heated  in  that  gas  it  absorbs  it 
slowly,  and  the  metal,  at  first  brilliant,  assumes  a  yellow  color.  This  explains 
whj-  the  alloys  of  calcium,  which  up  to  this  time  were  regarded  as  the  pure 
metal,  were  aU  more  or  less  yellow,  this  color  being  due  to  the  nitride.  The 
latter  cojipound  is  obtained  ia  transparent  crystals  of  a  yellow-brown  color, 
melling  at  1200°  C. 


THE   RAPID   DECLINE  OF   GEYSER  ACTIVITY  IN  YELLOWSTONE 

PARK. 

Prof.  E.  H.  Barbour,  of  the  University  of  Nebraska,  in  a  recent  address 
on  the  svibject,  affirms  that,  if  the  present  apparent  rate  of  decline  continues, 
it  seems  likely  that  within  a  decade  many  of  the  scenes  which  attract  us  most 
will  have  disappeared.  It  was  his  privilege  to  visit  the  National  Park  on 
August  5,  1895,  and  again  on  August  5,  1899,  and  certainly  the  evidence  of 
change  during  these  short  years  seems  startling.  To  the  geologist  the  change 
is  serious  and  impressive.  It  may  be  said  in  a  general  way  that  there  is  an 
apparent  decline  of  geyser  phenomena  everywhere  throughout  the  Park. 

To  be  more  specific,  without  entering  into  many  details,  it  may  be  stated 
that  around  the  splendid  terraces  at  the  Mammoth  Hot  Springs,  buildings 
now  stand  where  there  was  steaming  water  in  18S5.  Spots  which  we  photo- 
graphed in  1895,  standing  shoe  soles  in  water,  are  now  either  dry  or  nearly 
so.  INIinerva  Terrace,  which  was  boiling  and  which  presented  a  fine  array  of 
geyserite  in  1895,  is  falling  into  decay.  Large  blocks  of  the  "  formation  "  are 
falling  from  the  rims  and  sides  of  the  basins.  To  the  eye  the  amount  of  water 
which  flows  over  Pulpit  Terrace  and  Jupiter  Terrace  is  noticeably  less. 

We  should  say  not  one-half  what  it  was  four  years  before.  The  lattice 
work,  constructed  for  the  purpose  of  spraying  and  iucrusting  curios,  was 
changed  to  a  new  spot  where  water  was  still  flowing.  The  narrow  gauge, 
which  m&y  be  called  a  fissure  vent,  though  still  showing  life,  is  extinct  as 
compared  with  conditions  four  years  ago.  Roaring  Mountain  is  still  steam- 
ing, though  silent.      In  the  Norris  Geyser  basin  the  most  obvious  change  is 
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in  the  Black  Growler,  which  formerly  emitted  volumes  of  steam  from  an 
oblique  vent  by  the  roadside.  The  steam  jet  is  now  divided  and  the  vol- 
ume of  steam  and  its  roar  and  display  of  energy  greatly  diminished.  The 
Fountain  Geyser,  which  was  such  a  favorite  that  the  Fountain  Hotel  was 
located  at  that  spot,  is  now  wholly  extinct,  and  tourists  are  complaining 
because  they  must  waste  time  stopping  at  this  hotel.  The  Fountain  has 
been  replaced  by  a  new  but  very  inferior  substitute,  named  the  Dewey 
Geyser.  Tourists  do  not  care  to  wait  to  see  it  in  eruption.  The  giant  paint 
pots  are  now  so  contracted  in  size  that  one  can  walk  over  what  was  a  short 
time  ago  boiling  mud.  The  red  half  is  extinct  ;  the  white  half  active,  though 
reduced  in  area.  In  the  Upper  Basin  there  is  evidence  on  all  sides  of  activity, 
but  with  many  changes  since  1S95.  Then  the  Splendid  Geyser  was  attract- 
ing attention.  Now  it  is  silent  and  considered  extinct.  It  is  replaced  by 
the  Dais}'  Geyser,  an  interesting  but  vastly  inferior  substitute.  The  Cas- 
cade Geyser,  another  favorite,  because  of  the  frequency  of  its  eruptions  (about 
every  fifteen  minutes),  has  dropped  to  an  eruption  interval  of  once  every 
twenly-four  hours. 

The  Grand  Ge3'ser,  which  used  to  erupt  once  a  day,  has  been  active  but 
three  or  four  times  the  past  season,  according  to  all  accounts.  The  Beehive 
Geyser,  active  in  1S95,  is  supposed  to  be  wholly  extinct.  Old  Faithful  seems 
as  fine  as  ever,  but  the  interval  of  eruption  is  now  about  seventy-five  or  eighty 
minutes  instead  of  once  an  hour.  If  it  is  possible  to  judge  fairly  of  such  mat- 
ters, there  .seems  to  be  increasing  activity  in  the  ebullition  of  the  water  in  that 
greatest  of  geysers,  the  Excelsior,  which  leads  to  a  feeble  hope  that  it  may 
possibly  be  rejuvenated  yet  once  again.  In  this  connection  may  be  mentioned 
the  apparent  increase  in  the  activity  of  the  Mud  Geyser,  by  the  thumb.  The 
mud,  which  in  1895  was  thick,  and  thrown  up  in  large  masses  but  a  few  feet, 
is  now  thinned  and  ejected  as  far  as  the  road,  a  distance  probably  not  far  from 
200  feet.  At  first  thought  it  seems  like  increased  activity,  yet  it  ma}-  possibly 
be  accounted  for  on  the  ground  that  the  mud  is  in  a  condition  making  more 
active  ejectment  possible.  A  great  quantity  of  mud  has  been  thrown  out 
recently,  as  much  as  S  to  10  feet  thick,  and  the  trunks  and  boughs  of  the 
neighboring  pines  are  loaded  and  weighed  down  with  mud.  Trunks  were 
noted  where  the  coating  of  mud  halfway  up  to  top  exceeded  6  inches.  The 
front  half  of  the  crater  is  now  built  up  symmetrically  with  the  other  side, 
making  a  very  regular  funnel-shaped  crater  about  100  feet  across,  and  some  25 
or  30  feet  deep.  Below,  the  mud  is  in  a  state  of  constant  and  active  ebullition. 
Possibly  this  case  may  be  construed  as  a  case  of  increasing  activity  ;  however, 
on  the  whole  it  is  only  too  obvious  that  there  is  a  serious  decline,  as  one  can 
see  by  observation,  and  can  learn  by  consultation  with  the  drivers,  guides, 
tourists  and  officers  at  the  barracks.  It  was  the  testimony  of  all  that  the 
changes  were  much  more  rapid  than  is  understood,  and  our  closing  admoni- 
tion is,  visit  the  National  Park  at  once. 
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(^Proceedings  of  the  stated  meeting  lield  Wednesday ^  February  21,  igoo.) 

Hai.i,  of  thk  Franki^in  Institute, 
Philadei^phia,  February  21,  1900. 

President  John  Birkinbine  in  the  chair. 

Present,  92  members  and  visitors. 

Additions  to  membership  since  last  report,  32. 

Mr.  Howard  B.  French  was  elected  a  member  of  the  Board  of  Managers 
to  fill  the  vacancy  caused  by  the  resignation  of  Dr.  Herbert  M.  Howe. 

The  President  announced  the  Standing  Committees  for  the  current  year. 

Mr.  Frank  Hart,  of  New  York,  presented  a  communication  on  "The 
Development  of  the  Cotton  Industry  in  the  United  States,  with  Especial  Ref- 
erence to  the  Influence  of  Machinery  upon  its  Growth." 

The  special  purpose  of  his  address  was  to  emphasize  the  great  importance 
of  modern  methods  of  handling  and  baling  cotton  as  compared  with  the  old 
and  wasteful  methods  which,  until  recently,  were  exclusively  used.  The 
round  lap  baling  system,  which  is  now  rapidl}'  coming  into  general  use 
throughout  the  cotton-growing  districts  of  the  South,  obviates  practically  all 
of  the  objections  of  foreign  manufacturers,  while,  at  the  same  time,  it  permits 
of  enormous  savings.  Mr.  Hart  affirmed  that,  if  universally  used,  it  would 
result  in  a  saving  of  I45, 000,000  on  a  10,000,000  bale  crop. 

Mr.  William  C.  Henderson,  who  has  only  recently  returned  from  an  exten- 
sive tour  through  this  region,  followed  with  an  address  on  "  The  Cape  Nome 
Gold  District  of  Alaska."  In  his  conclusions  he  strongly  discouraged  the 
idea  that  immense  fortunes  are  to  be  made  by  pioneering  this  district,  afiirm- 
ing  that  all  the  valuable  gold-bearing  territory  in  the  region  has  been  claimed 
and  staked  and  even  reclaimed  and  restaked  again  and  again,  so  that  the  pros- 
pects confronting  new-comers  are  most  unfavorable. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 


COMMITTEE  on  SCIENCE  and  the  ARTS. 

{^Abstract  of  proceedings  of  the  stated  meeting  held  Wednesday  ^  February  7, 

I  goo.  ] 

Prof.  Edgar  Marburg  in  the  chair. 

The  following  reports  were  adopted  : 

Braiding  Machine. — Andrew  V.  Groupe,  Philadelphia. 

Abstract. — This  invention  is  the  subject  of  letters-patent  of  the  United 
States,  issued  to  applicant,  numbered  and  dated,  respectively,  588,421,  August 
17,  1897.  It  relates  to  that  class  of  braiding  machines  wherein  two  sets  of 
bobbins  revolve  around  a  common  center,  but  in  opposite  directions,  and,  by 
the  aid  of  complementarj^  devices,  cause  the  threads  that  pay  out  from  each 
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bobbin  to  pass  over  and  under  each  other,  forming  a  braided  cord,  or  a  platted 
covering  for  a  cord  or  other  cord  material,  such  as  laces,  shade-cords,  braided 
ropes,  whips,  etc.  "The  essential  feature  of  this  invention  consists  in  the 
construction  and  arrangement  of  a  sectional  trackway  for  the  carriers  of  one 
set  of  bobbins,  and  in  the  mechanism  for  actuating  said  carriers,  whereby 
the  threads  of  the  other  set  of  bobbins  are  directed  in  an  easy  course  between 
the  adjacent  track-sections  and  over  and  under  the  same  and  the  carriers 
thereon,  in  a  manner  to  minimize  the  friction  of  the  cooperating  parts  and 
to  insure  a  practically  uniform  tension  on  the  respective  threads,  thus  increas- 
ing the  speed  of  the  machine,  and,  perforce,  the  quality  and  quantity  of  the 
material  produced  thereby." 

The  model  examined  by  the  investigators  was  capable  of  doing  good  work 
at  three  times  the  speed  of  the  common  braider. 

The  report  concludes  as  follows  : 

"In  the  'sectional  trackway'  of  this  invention,  in  combination  with  a 
sinuous  slot,  through  which  the  traveling  threads  pass  freely  over  and  under 
the  inner  bobbins,  is  foimd  the  one  hitherto  missing,  but  very  essential,  device 
that  was  needed  to  make  this  type  of  braider  mechanically  successful ;"  and 
in  recognition  of  this  ingenious  contribution  to  the  art,  the  John  Scott  award 
is  recommended.  {^Sub-Committee ,  H.  R.  Heyl,  Chairman ;  Luther  L. 
Cheney,  J.  Logan  Fitts.] 

Process  for  Face- Hardening  Rails. — Charles  H.  Priestley,  Wilmington, 
Del. 

Horseless  Carriages.— ]oh  Albert  Davis,  Philadelphia. 

These  two  reports  were  made  advisory. 

The  following  reports  were  considered  : 

Pneiiinatic  System  for  Preventing  the  Bursting  of  Water  Pipes  by 
Freezing. — N.  Monroe  Hopkins,  Washington,  D.  C. 

Electrical  Switch. — Paul  Medary,  Cynwyd,  Pa. 

Micro-Stereoscopic  Camera. — ^John  G.  Baker,  Philadelphia. 

/br^a(5/i7 /%0/ow^/^r.— Charles  Deshler  and  Edwin  J.  McAllister,  Newark, 
N.J. 

Water  Heater  for  Range  Boilers. — Adam  Heller,  Baltimore,  Md. 

Rail  foint. — Harry  Wellenoweth,  Philadelphia.  W. 


SECTIONS. 


Chemical  Section  (Photographic  and  Microscopic  Branch). — Stated 
Meeting,   Tuesday,  February  6th.     Dr.    Henry  Leffmann  in  the  chair. 

The  subject  for  discussion  was  "  The  Applications  of  Photography  and 
Microscopy  to  Medico-Legal  Work." 

The  theme  was  discussed  by  Prof.  W.  M.  L.  Coplin,  Prof.  Arthur  W.  Good- 
speed  and  the  Chairman.  The  Subject  was  illustrated  with  the  aid  of  the 
stereopticon,  the  microscope  and  an  X-ray  machine. 

The  Executive  Committee  reported,  as  the  result  of  a  conference  with  a 
committee  of  the  parent  section,  that  no  objection  was  made  to  the  proposi- 
tion to  reorganize  the  Branch  as  an  independent  section,  whereupon  a  resolu- 
tion was  unanimously  passed,  addressed  to  the  Committee  on  Sectional  Ar- 
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rangements,  requesting  that  the  seventy-nine  members  constituting  the  present 
Photographic  and  Microscopic  Branch  of  the  Chemical  Section  be  granted 
the  privilege  of  organizing  the  Section  of  Photography  and  Microscopy.     W. 

Stated  Meeting,  Tuesday,  February  20th.  Vice-President  Lyman  F.  Keb- 
ler  in  the  chair.     Present,  twenty-eight  members  and  visitors. 

Mr.  B.  H.  Morrison  presented  a  communication  on  "The  Chemistry  of 
Paper,"  which  was  illustrated  with  numerous  specimens  of  the  raw  materials 
pulps  made  by  the  several  methods  in  vogue,  chemical  substances  employed 
in  the  art,  and  a  series  of  lantern  views  and  photographs  illustrating  the  various 
branches  of  the  manufacture. 

Dr.  I/cfTmann  exhibited  an  exceedingly  characteristic  test  for  the  presence 
of  wood  pulp  in  paper,  and  some  extremely  old  books  and  newspapers  to 
show  the  excellent  state  of  preservation  of  the  paper. 

Mr.  Henrick  Anderson  discussed  with  Mr.  Morrison  some  of  the  technical 
details  of  the  manufacture  of  wood  pulp.  W. 

MiNiNCx  AND  MetallurgicaIv  Stzctio^ .—Special  Meeting,  Wednesday, 
January 31st.     President  Joseph  Richards  in  the  chair. 

Dr.  David  T.  Day  of  Washington,  D.  C,  made  a  communication  on 
"The  Modern  U.ses  of  Fullers'  Earth."  The  speaker  exhibited  a  number  of 
samples  of  clays  found  in  the  United  States,  which  closely  approach  in  compo- 
sition and  in  physical  characteristics  the  typical  English  clay  which  gives  the 
name  to  this  varietj'.  Dr.  Day  described  the  uses  of  the  material,  other  than 
in  the  fulling  process.    The  most  interesting  of  these  is  for  the  refining  of  oils. 

Mr.  William  Griffith,  of  Scranton,  Pa.,  read  a  paper  on  "  The  Flushing  of 
Culm  into  Anthracite  Coal  Mines,"  illustrated  hy  numerous  lantern  views 
exhibiting  the  method  employed.  The  speaker  clearly  explained  the  value 
of  the  process  in  preventing  the  caving  in  of  the  surface  ground,  and  as  a 
means  of  effectively  disposing  of  the  great  accumulations  of  refuse.         W. 

Stated  Meeting,  Wednesday,  February  i^t/i.  President  Richards  in  the 
chair. 

Prof.  John  Gifford,  of  Cornell  University,  gave  an  extemporaneous  address 
on  "Forestry  in  Europe  and  America,"  illustrated  with  numerous  lantern 
views. 

The  speaker  specially  dwelt  upon  the  great  care  and  attention  bestowed 
upon  the  forests  and  forest  industries  in  Europe,  especially  in  France  and 
Germany,  contrasting  this  with  the  extremely  wasteful  methods  in  vogue  in 
nearly  every  portion  of  the  United  States.  He  believed  that  the  subject  was 
now  beginning  to  receive  enlightened  attention,  and  that  the  forest  and  its 
industries  would  in  time  be  intelligently  cared  for.  W. 

Mechanical  and  Engineering  Section. — Stated  Electing,  Thursday, 
February  8th.     Dr.  Wahl  in  the  chair. 

Mr.  H.  DeB.  Parsons,  of  New  York,  read  a  paper  on  "Fire  Hazards," 
illustrated  with  numerous  lantern  views. 

The  speaker  pointed  out  the  common  defects  of  construction  in  office  and 
factory  buildings,  which  greatly  increases  their  liability  to  destruction  by  fire. 

W. 
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The  button   PNEUMATIC   BALANCE   LOCKS   for 

CANALS.* 


By  Chauncey  N.  Dctton,  New  York, 
Member  of  the  Institute. 


These  locks  float  on  compressed  air  confined  in  their  lower 
open-bottomed  air  chambers,  whence  it  displaces  water.  Each 
lock  carries  a  gated  tank  containing  sufficient  water  to  float 
the  boats.  When  one  lock  descends  the  other  ascends,  the 
descending  lock  expelling  air  from  its  air  chamber  into  the 

*  An  address  delivered  before  the  Franklin  Institute,  Philadelphia,  Novem- 
ber 16,  1897,  on  the  "  Pneumatic  Balance  Locks,"  approved  by  the  State  Engi- 
neer and  adopted  by  the  Canal  Board  of  the  State  of  New  York,  to  replace 
five  pairs  of  lift  locks  at  Lockport,  and  two  pairs  of  guard  locks  between  Lock- 
port  and  Buffalo  ;  and  sixteen  pairs  of  lift  locks,  known  as  "  The  Sixteens," 
at  Cohoes,  on  the  Erie  Canal,  in  New  York  State.  Revised  by  the  author 
for  publication . 
Vol.  CXLIX.     No.  892.  16 
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air  chamber  of  the  ascending  lock  through  a  13-foot,  valve- 
controlled  connecting  type.  No  compressed  air  is  dis- 
charged into  the  atmosphere  or  wasted.  The  moving  force 
is  an  excess  of  weight  in  the  descending  lock,  in  which  the 
draft  of  water  is  1  foot  greater,  such  "surcharge  "  being  330 
tons.  The  greatest  energy-rate  is  1,150  horse-power;  the 
average,  115  to  150  horse-power. 

At  Cohoes,  the  lift  is  144  feet.  At  Lockport  the  normal 
lift  is  57  feet  5  inches,  and  the  extreme  lift,  when  floods 
raise  the  upper  level,  62  feet  5  inches.  The  least  draft  is  12 
feet;  the  width,  28  feet  at  the  bottom  and  30  feet  at  the 
top;  the  clear  or  effective  length,  310  feet. 

They  will  pass  up-stream  two  boats  drawing  12^  feet 
and  carrying  each  1,350  tons,  or  2,700  tons  of  cargo  per 
lockage;  and  down-stream  two  boats  drawing  13^  feet 
and  each  carrying  1,450  tons,  or  2,900  tons  of  cargo  per 
lockage. 

They  will  make  their  stroke  in  one  minute,  and,  allowing 
for  entry  and  exit,  are  expected  to  detain  boats  eight  to  ten 
minutes. 

The  locks  are  built  of  steel. 

Each  has  an  upper,  gated  lock  chamber,  and  a  lower,  open- 
bottomed  air  chamber  containing  compressed  air,  on  which 
it  floats,  and  as  the  volume  of  its  air-charge  is  varied,  moves 
up  and  down  in  a  pit  or  deepened  portion  of  the  lower  level 
of  the  two  which  they  connect. 

The  locks  are  kept  from  tilting  sidewise  by  guides,  and 
from  pitching  endwise  by  an  automatic  leveling  apparatus, 
consisting  in  fixed  racks,  anchored  to  terra  firma ;  parallel 
racks  built  on  the  locks,  and  hollow  built-up  shafts  armed 
with  pinions,  which  mesh  with  the  opposite  parallel  racks, 
on  which  they  hang,  without  other  bearings,  and  between 
which  they  roll  when  the  lock  moves. 

The  air  chambers  are  so  proportioned  that  they  automati- 
cally differentiate  the  air  pressure,  so  that  the  lock  which 
descends  forces  the  elevated  lock  up  against  its  anchors  with 
an  effort  exceeding  by  one-third  the  weight  of  said  lock  and 
its  load,  so  that  it  maybe  connected  with  the  upper  level,  and 
used  in  the  roughest  manner  with  entire  safety. 
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The  devices  to  retain  the  elevated  lock  against  the  un- 
balanced hydrostatic  pressure,  and  the  gates  and  other  parts 
which  are  liable  to  ramming,  will  sustain  ramming  by  boats 
going  3  miles  per  hour. 

If  injured  boats  sink  in  a  lock,  it  can  be  used  as  a  dry- 
dock. 

The  locks  can  be  raised  clear  of  the  water  for  painting  and 
repairs. 

At  Lockport  each  lock  weighs  1,500  tons,  and  will  con- 
tain over  4,500  tons  of  water.  The  weight  in  motion  ex- 
ceeds 12,000  tons. 

The  first  locks  at  Lockport,  opened  in  1825.  passed  boats 
3  feet  5  inches  draft,  14  feet  5  inches  wide,  78  feet  8  inches 
long,  carrying  80  tons.  They  were  replaced  about  1838  by  the 
present  stone  locks,  which  pass  boats  6  feet  draft,  17^  feet 
wide,  98  feet  long,  carrying  250  tons.  These  locks  are  in  a 
remarkable  state  of  preservation  for  old  limestone  masonry 
exposed  to  our  northern  winters.  The  stone  shows  little 
decrepitation,  and  most  of  the  joints  are  still  tight,  showing 
that  the  cement  was  good. 

About  1 880  the  system  of  towing  double-headers  was  intro- 
duced on  the  Erie  Canal,  from  the  Illinois  and  Michigan  Canal. 
In  this  system  two  lashed  boats  form  a  towing  unit,  the  stem 
of  the  rear  boat  being  pivoted  on  the  stern  of  the  forward 
boat,  and  the  lashings  carried  around  pulleys  and  a  capstan, 
by  which  the  rear  boat  can  be  swung  like  a  rudder  98  feet  long. 
Two  or  three  such  units  are  towed  in  a  fleet  of  four  to  six 
boats.  The  cheapness  of  the  system  induced  the  State  of  New 
York  to  adopt,  in  1885,  the  policy  of  lengthening  the  Erie 
Canal  locks,  so  that  the  two  boats  could  enter  without  being 
uncoupled.  Forty-one  locks  have  bee.n  lengthened  ;  but  the 
five  locks  at  Lockport,  three  at  Newark,  four  at  Little  Falls 
and  eighteen  between  Cohoes  and  tide  water  have  not  been 
lengthened,  their  location  making  it  impractical.  When  the 
late  State  Engineer,  the  Hon.  Campbell  W.  Adams,  and 
his  deputy,  Herschell  Roberts,  C.E.,  took  office,  in  1894,  they 
grappled  with  the  problem  to  lengthen  the  unlengthened 
locks,  or  to  find  a  suitable  substitute  for  them.  They  exam- 
ined the  hydraulic  and  other  types  of  mechanical  lift  locks 
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then  in  use,  decided  that  no  one  of  them  was  adaptable  to 
Erie  Canal  dimensions  and  traffic  and  commenced  studies 
of  the  problem,  which  finally  led  to  the  adoption  of  the 
pneumatic  lock. 

The  1895  session  of  the  New  York  State  Legislature 
passed  a  bill  appropriating  $ico,ooo  for  the  construction  of 
mechanical  lift  locks  at  Lockport ;  and  another,  $77,500,  for 
similar  locks  to  replace  locks  21  and  22,  near  Schenectady. 

The  Governor  vetoed  the  Lockport  appropriation,  the  ap- 
propriation for  the  lock  near  Schenectady  was  deemed  insuffi- 
cient, and  no  work  was  done  at  that  time  on  either.  The 
same  Legislature  referred  to  the  popular  vote,  an  act  au- 
thorizing a  credit  for  $9,000,000  for  improvement  of  the  State 
canals,  which  was  adopted  by  a  large  majority  at  the  Novem- 
ber election.  Within  the  month  State  Engineer  Adams 
ordered  the  preparation  of  three  sets  of  plans  for  mechanical 
lift  locks  at  Lockport.    In  his  report  for  1896,  p.  25,  he  says: 

"  Three  sets  of  plans  for  this  work  have  been  developed,  and  one  of  the 
conditions  which  all  have  been  designed  to  meet  is  that  the  adopted  plan 
should  be  capable  of  economic  installation  either  at  Lockport,  Newark,  Little 
Falls,  or  Cohoes.  Two  of  these  plans  provided  for  suspending  the  lifting 
troughs  by  cables,  and  operating  the  same  by  two  distinct  hj-draulic  methods, 
but  on  the  completion  of  the  estimates  the  cost  of  either  of  these  plans  was 
found  to  be  too  excessive  to  warrant  their  adoption.  The  other  plan,  which 
has  been  adopted,  depends  upon  compressed  air  for  its  operations.  Owing  to 
the  probability  that  several  important  features  in  this  plan  will  be  considerably 
changed  before  the  work  is  advertised  for  letting,  I  do  not  deem  it  advisable  at 
this  time  to  go  into  any  detailed  description  of  the  plans  and  method  of  operat- 
ing, but  prefer  to  leave  the  subject  until  the  next  annual  report,  in  order  that 
it  may  then  be  carefully  and  fully  discussed  and  illustrated.  The  adopted 
plans  have  been  prepared  by  Chauncey  N.  Button,  C.E." 

The  new  locks  were  to  be  located  to  one  side  and  in 
advance  of  the  existing  locks,  so  that  they  could  be  com- 
pleted and  put  in  operation  without  stopping  the  use  of  the 
old  ones.  This  called  for  considerable  extra  expense  and 
the  construction  of  a  steel  aqueduct,  393  feet  long,  to  con- 
nect the  locks  with  the  upper  level. 

These  are  the  only  locks  between  Lake  Erie  and  Roch- 
ester, and  it  was,  therefore,  deemed  advisable  to  make  them 
of  such  size  that  they  would  give  Rochester  practically  as 
good  a  connection  with  Lake  Erie  as  Lake  Ontario  ports 
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have  through  the  Welland  Canal.  The  scale  was,  there- 
fore, enlarged  from  6  x  17^  x  98  feet  to  12  x  24  x  240^  feet. 
This  scale  has  been  again  enlarged  by  the  Advisory  Com- 
mission on  Canals  of  New  York  vState  to  28  feet  clear  width 
at  the  bottom  and  30  feet  at  the  top  of  lock  chambers,  with 
a  net  or  effective  length  of  310  feet.  When  the  locks  are 
installed,  boats  can  voyage  between  Lake  Erie  and  Roch- 
ester more  quickly  and  cheaply  than  between  Lake  Erie 
and  Lake  Ontario  ports  via  the  Welland  Canal.  It  is  ex- 
pected to  build  up  a  large  trade  in  transit  between  the  Sus- 
quehanna Valley,  in  Pennsylvania,  and  the  Great  Lakes,  at 
a  considerable  reduction  on  present  freight  costs. 

The  detention  at  the  present  locks  is  frequently  several 
hours,  and  never  less  than  one  hour,  because  the  fleets  have 
to  be  broken  up.  The  new  locks  will  pass  double-headers 
in  eight  to  ten  minutes. 

The  present  stone  locks  cost  $698,000.  The  first  estimate 
for  the  steel  locks,  made  in  December,  1896,  was  $576,000, 
but  when  the  completed  plans  were  adopted  by  the  Canal 
Board,  June  24,  1897,  the  estimate  was  put  at  $499,000.  The 
market  prices  of  steel  and  machinery  fell  sharply  in  the 
interim,  but  have  now  advanced,  and  when  the  enlarged 
locks  are  put  under  contract,  which  will  be  when  the  Legis- 
lature makes  appropriation  for  them,  the  work  will  cost 
about  $1,000,000.    The  Cohoes  locks  will  cost  one-half  more. 

It  will  be  seen  that  the  new  locks  at  Lockport  will  cost 
about  one  and  five-eighths  the  cost  of  the  stone  locks. 
They  will  handle  units  twelve  times  as  large  in  one-sixth  of 
the  time.  The  dollar  invested  in  them  has,  therefore,  more 
than  forty-four  times  the  earning  power  of  the  dollar  in- 
vested in  stone  locks. 

The  characteristic  features  of  the  locks  may  be  described 
briefly  as  follows: 

( I )  Compressed  air  is  substituted  for  water  as  the  element 
of  translation  and  support  of  the  locks  and  vessels.  Increas- 
ing the  height  of  lift  does  not  increase  the  pressures,  and, 
therefore,  locks  of  any  height  are  practicable  and  much 
cheaper  in  first  cost  and  in  operation  than  a  flight  of  low 
lift  locks. 
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(2)  The  working  pressures  are  very  much  reduced,  the 
maximum  being  about  one  and  one-half  times  the  draft. 

(3)  The  motion  of  translation  is  uniform,  having  no  ten- 
dency to  accelerate,  being  regulated  by  the  velocity  at  which 
air  can  pass  through  the  conduits  with  the  given  head. 

(4)  The  locks  have  absolute  immunity  from  falling.  The 
pneumatic  lock  falls  up,  if  it  falls  at  all.  It  is  pressed  up 
firmly  against  the  anchors  with  an  effort  much  greater  than 
the  weight  of  the  lock  and  its  load.  If  the  anchors  yield, 
the  lock  is  forced  up  to  a  height  such  that  the  air  in  the  air 
chamber  is  expanded  to  equilibrium  with  the  load,  and  a 
volume  of  water  equal  in  weight  to  the  difference  between 
the  load  and  its  initial  excess  of  buoyancy  enters  the  air 
chamber. 

(5)  The  speed  can  be  very  great,  because  air  flows  at 
high  velocity  with  a  slight  head. 

(6)  Working  the  locks  in  balance,  by  slight  differences  in 
weight,  saving  95  per  cent,  of  the  water  heretofore  used,  and 
avoiding  heavy  currents  in  the  canal  sections. 

(7)  The  water-trap  valve  for  controlling  the  air  conduit. 

(8)  The  powerful  automatic  leveling,  or  synchronizing 
gearing,  of  construction  cheap,  such  that  the  price  per  pound 
does  not  increase  with  increased  power. 

(9)  Dispensing  with  the  dry-dock  necessary  in  other  types 
of  lift  lock  and  operating  the  locks  directly  in  the  lower  level 
of  the  canal,  in  a  pit ;  the  pit  in  which  the  locks  work  being  part 
of  the  lower  level. 

(10)  The  substitution  of  steel,  mainly  in  tension,  for 
masonry  in  the  lock  structures. 

(i  i)  The  substitution  of  elastic  resistance  for  mere  stabil- 
ity due  to  dead  weight,  and  the  consequent  reduction  of 
strains  due  to  shock,  so  that  they  can  be  taken  care  of  eco- 
nomically. 

The  principal  elements  of  design  are : 

(i)  The  locks,  which  float  and  work  in  a  pit  formed  in  the 
lower  level,  and  are  identical  structures,  each  having  an  upper 
gated  lock  chamber  for  the  vessels  and  water  to  float  them, 
and  a  lower  open-bottomed  air  chamber  containing  the  com- 
pressed air  on  which  they  float. 
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(2)  Valve-controlled  air  conduits  for  transferring  air  from 
one  lock  to  the  other  during  translation. 

(3)  Anchorages  to  restrain  the  superbuoyant  elevated 
locks. 

(4)  Guiding  structures  to  prevent  the  locks  from  tilting 
sidevvise. 

(5)  Automatic  leveling,  parallel  motion,  or  synchronizing 
apparatus,  to  keep  them  from  pitching  endwise. 

(6)  A  pneumatic  accumulator,  which  is  connected  with  the 
elevated  lock  and  maintains  a  constant  working  pressure 
therein,  automatically  compensating  for  changes  in  density 
and  temperature  of  the  adjacent  atmosphere. 

There  are  other  important  elements  connected  with  the 
locks,  which,  while  desirable,  are  not  absolutely  essential, 
namely: 

(7)  Hydraulic  stops  and  accumulator-intensifier,  by  which 
the  elevated  lock  can  be  perfectly  controlled  and  adjusted  in 
position. 

(8)  An  interlocker,  or  sequence  machine,  which  orders  the 
operations  incident  to  the  motion  of  the  locks,  by  means  of 
valve-controlled  compressed  air  transmissions. 

(9)  Automatic  stop  machines,  one  geared  to  each  lock, 
adjustable  to  varying  water  levels,  which  prevent  the  locks  from 
running  away  and  automatically  control  the  variations  in  depth 
of  water  when  elevated. 

A  recital  of  the  difificulties  will  aid  in  forming  a  clear  con- 
ception of  the  motive  and  functions.  A  lock  is  the  heaviest 
of  engineering  structures,  carries  per  square  foot  a  load  greater 
than  the  load  per  running  foot  of  the  heaviest  railroad  bridge, 
and  is  subject  to  tremendous  and  cumulative  distorting  forces, 
which  necessitates  that  the  structure  be  of  simple  type  and 
extreme  power,  and  automatically  leveled  and  controlled  by 
apparatus  strong  enough  to  beyond  peradventure  arrest  dis- 
torting forces  in  their  incipiency  and  annul  their  cumulative 
tendency. 

The  locks  are  liable  to  be  bumped  and  rammed  and  to  have 
boats  carry  away  the  outboard  gate  and  sink  with  the  boat's 
nose  overhanging  the  end  of  the  lock.    A  boat  in  this  position, 
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half  the  length  of  the  lock,  or  a  boat  of  said  length  sunk  in  one 
end  of  the  lock,  would  overload  that  end  with  a  weight  equal 
to  the  weight  of  the  boat  and  cargo.  The  leveling,  or  synchro- 
nizing apparatus,  must  be  powerful  enough  to  sustain  this  dis- 
torting effort  and  distribute  it,  and,  furthermore,  it  must  be 
automatic,  for  were  the  least  interval  of  time  to  intervene  be- 
tween the  application  of  the  distorting  forces  and  the  action  of 
the  leveling  apparatus,  the  loaded  end  would  pitch,  the  water 
would  run  ofif  the  opposite  end  and  pile  up  in  the  loaded  end, 
giving  a  cumulative  effect,  combined  with  shock,  which  must 
inevitably  destroy  any  non-automatic  apparatus,  how  strong 
soever  it  might  be,  and  ruin  the  lock. 

DESCRIPTION  OF  THE  LOCK  STRUCTURES. 

The  lock  structures  are  identical.  The  lower  part  is  an 
open-bottomed  air  chamber,  the  roof  of  which  forms  the 
floor  of  the  gated  lock  chamber. 

The  air  chamber  is  formed  in  eight  bays,  to  avoid  beam 
strains  and  framing  in  the  side  walls,  which  are  segments  of 
cylinders  tied  transversely  at  the  points  of  intersection.  The 
cylindrical  segments  do  not  quite  meet,  being  united  by  longi- 
tudinal plates,  and  the  ties  are  in  double  lines,  so  that  by  lacing 
them  together  stiff  transverse  strut  members  can  be  formed 
where  desired.  Strut  members  are  so  formed  at  the  bottom 
and  at  two  intermediate  horizontal  planes,  where  chord  plates 
are  united  with  the  walls,  so  that  the  entire  chamber  is  a  huge 
box  girder.  In  its  normal  uses  the  walls  and  cross-ties  are 
subject  to  tension  only,  and  are  in  equilibrium,  not  tending 
to  change  their  form,  but  accidental  extraneous  forces  may 
tend  to  cause  compressive  strains,  which  the  structure  will 
sustain. 

The  rbof  of  the  air  chamber,  which  also  forms  the  floor  of 
the  lock  chamber,  is  framed  on  heavy  plate  girders. 

The  hydrostatic  pressure  on  the  side  walls  of  the  lock 
chamber  is  sustained  by  brackets;  those  on  opposite  sides 
being  tied  by  the  floor  plates. 

The  gates  are  crescent-shaped  box  girders,  moving  orbit- 
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ally  on  a  wheel,  and  when  open  lie  out  of  the  way  in  seg- 
mental side  pockets. 

The  seating  faces  are  concentric  with  the  vertical  axes 
about  which  the  gates  move  orbitally. 

The  gate-opening  engines  have  each  a  cylinder  14  inches 
bore,  8  feet  stroke,  the  piston  moved  by  compressed  air,  the 
piston  rod  carrying  a  cut  steel  rack,  4  inches  pitch,  7  inches 
face,  which  meshes  with  and  turns  a  pinion  keyed  to  one  end 
of  a  shaft,  on  the  other  end  of  which  is  a  sprocket  wheel  geared 
by  a  Yale  &  Towne  ^-^  inch  chain  to  a  sprocket  wheel  on  a 
vertical  shaft,  secured  in  bearings  on  the  gate  post.  This 
driving  shaft  has  spur  pinions  at  top  and  bottom,  which 
mesh  with  pin-wheel  segments  on  the  gate.  When  the  pis- 
ton moves,  the  connected  rack  turns  the  shafts  and  pinions 
and  operates  the  gate. 

The  gate  is  lightened  by  a  flotation  chamber,  which  floats 
74  per  cent,  of  its  weight,  leaving  26  per  cent,  on  the  wheel 
to  give  stability.  The  air  which  fills  the  flotation  chamber 
is  constantly  renewed,  so  that  the  gate  will  not  get  logy. 

The  gates  which  are  liable  to  be  rammed  contain  elastic 
trusses,  with  a  yield  of  10  inches,  which  cushion  the  blow 
and  deliver  it  to  the  gate  posts,  so  that  ramming  has 
no  effect  on  the  gate  itself  until  the  elastic  trusses  are 
broken. 

The  gate  openings  are  slightly  wider  than  the  locks,  so 
that  the  jambs  are  not  liable  to  ramming,  being  protected 
by  the  guard  timbering  on  the  lock  walls,  which  is  as  elastic 
as  possible,  to  that  end  being  supported  in  the  centers  of  the 
plates  on  rubber  cushions,  so  that  the  effect  of  impact  is 
distributed  over  a  number  of  brackets  and  lessened  by  the 
elasticity  of  the  guard  timbering,  its  rubber  supports  and 
the  plates. 

When  the  lock  is  elevated,  as  aforesaid,  it  is  superbuoyant, 
having  an  excess  lift  exceeding  the  accidental  increase  of 
load  which  might  occur  through  the  sinking  of  a  loaded 
boat,  and  this  excess  lift  is  restrained  by  anchors,  which  are 
steel  plates  secured  to  the  bed  rock,  and  encased  in  asphaltic 
concrete  piers.  On  them  are  built  the  side  guides  and  the 
fixed  racks  of  the  leveling  apparatus.     These  are  disposed 
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in  four  transverse  lines  at  the  end  and  alternate  interme- 
diate intersections  of  the  bays. 

When  the  ascending  lock  comes  to  rest,  its  momentum  is 
absorbed  without  vShock,  by  hydraulic  stops  swiveled  on  the 
anchorages,  with  which  the  elevated  lock  engages,  by 
brackets  armed  with  timber  contact  pieces,  which  are 
readily  movable,  to  allow  the  lock  to  be  raised  clear  of  the 
water  for  painting  and  repairs. 

AUTOMATIC  LEVELING,  OR  SYNCHRONIZING  APPARATUS. 

During  the  years  which  have  been  devoted  to  developing 
the  pneumatic  lock,  many  different  types  of  leveling  appara- 
tus were  considered  and  more  or  less  worked  out,  but  were 
all  prohibitive  in  cost,  especially  on  a  large  scale.  The 
characteristic  features  of  that  adopted  are  that  it  is  always 
in  action ;  has  only  rolling  friction,  normally  sustains  only 
its  own  weight,  has  the  minimum  wear  and  abundant  end 
clearance,  which  prevents  binding  and  temperature  strains. 
It  can  be  made  of  any  power,  and  the  larger  it  is  made,  the 
less  will  be  its  cost  per  pound.  It  does  not  require  nice 
workmanship,  or  careful  adjustment.  It  is  what  engineers 
call  a  "  brute." 

Its  elements  are  vertical  racks  securely  anchored  to  terra 
firma,  parallel  racks  built  integral  with  the  lock;  hollo  w  riveted 
steel,rolling  shafts  parallel  with  the  locks  and  carrying  pinions 
which  mesh  with  the  opposite  parallel  racks  on  the  lock  and 
on  terra  firma,  the  shaft  having  no  bearings,  but  hanging  upon 
its  engaged  teeth.  When  the  locks  move,  the  shafts  roll 
between  the  racks  and  traverse  one-half  the  stroke  of  the 
lock. 

The  preferred  form  of  rack  is  the  ladder  type,  with  pin 
teeth.  Small  lock  pinions  may  be  cast.  For  large  locks 
they  must  be  built  up  of  rolled  steel,  the  core  a  forged 
drum,  the  blanks  rolled  steel  rings  with  involute  cut  teeth. 
Such  a  gearing  would  give  undue  wear,  were  it  always 
subject  to  maximum  working  pressures,  but  for  a  lock  it  is, 
perhaps,  the  ideal  form,  as  normally  the  teeth  carry  only  the 
weight  of  the  shafts ;  the  maximum  pressures,  due  to  acci- 
dental unequal  loading,  being  infrequent.     In  the  Lockport 


Apr.,  1900.] 


Pneumatic  Balance  Locks. 


253 


locks    the    shafts    are   4   feet    in    diameter,   made    of   inch 
plate. 

The  pinions  are  double,  cut  on  rolled  blanks,  6  inches 
thick,  the  involute  teeth  16  inches  pitch,  60  square  inch  sec- 
tion at  pitch  line,  16  pinions  and  960  square  inches  of  metal 
in  the  teeth  being  in  action. 

The  outside  rack  stringers  are   15-inch  channels,  with 
inch  webs,  and  the  teeth  6-inch  pins,  riveted  in. 


DIAGRAM    SHOWING 

Air  Conduit  ^'^°  Valve 


AIR  CONDUITS. 

The  air  main  is  13  feet  in  diameter,  and  will  transfer  the 
entire  air  charge  from  lock  to  lock  in  one  minute,  with  330 
tons  surcharge  in  one  lock. 

The  connection  with  each  lock  is  by  two  open-ended 
standpipes,  10  feet  diameter,  which  extend  from  the  bottom 
of  the  lock  pit  considerably  above  the  water  surface,  under 
hoods  formed  in  the  lock  body.  From  their  ends  rock-cut 
tunnels  run  to  the  risers,  which  connect  with  the  main  valve. 
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The  main  valve  is  a  "U"  bend,  provided  with  water  inlet 
and  drain  pipes,  so  that  the  bend  may  be  trapped  with  water 
and  untrapped  to  shut  off  or  permit  the  flow  of  the  air. 

The  water-supply  and  drainage  to  and  from  the  valve  is 
controlled  by  pneumatic  weirs,  which  are  the  reverse  in  princi- 
ple of  the  air  valves.  A  water-feed  pipe  extends  from  the 
upper  level  of  the  canal  to  the  lower  part  of  the  main  valve, 
and  is  formed  like  an  c/i,  with  upper  and  lower  bends.    A  simi- 


DIAGRAM     SHOWING 

A I  R  Valves 


larly  formed  drain  connects  to  the  bottom  of  the  main  valve, 
rises  to  an  upper  bend  and  descends  into  and  is  sealed  in  the 
water  of  the  lower  level. 

Air-supply  pipes  lead  from  the  upper  bends  of  the  said 
water-feed  and  drain  pipes  to  a  6-inch  double-acting  air  valve, 
which  is  part  of  the  interlocking  machine  in  the  operator's 
house.  When  this  6-inch  air  valve  is  moved  to  "feed"  the  air 
to  the  weir  of  the  water-feed,  and  to  "waste"  the  air  of  the 


Apr.,  1900.] 


Pneumatic  Balance  Locks. 


255 


drain  weir,  the  air  pressure  enters  the  upper  bend  of  the  feed 
and  seals  it  against  the  pasage  of  water;  at  the  same  time  the 
air  pressure  wastes  from  the  upper  bend  of  the  drain  and  the 
water  drains  out  of  the  main  valve,  opening  it  to  the  passage 
of  the  air. 

When  it  is  desired  to  close  the  main  valve,  the  6-inch  air 
valve  at  the  interlocker  is  moved  to  "feed"  the  air  pressure  into 
the  weir  of  the  drain  and  to ''waste"  air  from  the  weir  of  the  feed. 


DIAGRAM   -SHOWING 

A I  R  Valves 


The  air  escapes  from  the  feed  weir  and  permits  water  to  flow 
from  the  upper  level  into  the  main  valve  and  seal  it,  and  such 
water  seal  is  prevented  from  escaping  by  the  air-trap  in  the 
upper  bend  or  weir  of  the  drain. 

Similar  valves,  4  feet  in  diameter,  open  into  the  legs  of  the 
main  valve  and  connect  by  a  4-foot  main  with  a  pneumatic 
accumulator,  which  may  be  thereby  connected  with  or  cut  oflf 
from  either  lock. 
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PNEUMATIC    ACCUMULATOR. 

The  pneumatic  accumulator  is  a  cylindrical  bell,  or  open- 
bottomed  air  tank,  having  an  upper  weight  chamber  filled 
with  water,  and  gives  a  constant  working  air  pressure.  When 
a  lock  is  elevated  it  is  immediately  connected  with  the  accu- 
mulator, which  maintains  a  constant  working  pressure  and 
automatically  compensates  for  varying  density  and  tempera- 
ture in  the  adjacent  atmosphere,  which  would  otherwise  vary 
the  working"  pressure. 

INTERLOCKING    APPARATUS. 

In  order  to  prevent  the  operator  from  making  mistakes, 
all  the  operations  necessary  to  translate  the  locks  are  con- 
trolled by  an  interlocking  apparatus,  or  sequence  machine. 
This  machine  has  five  levers,  on  vertical  interlocked  stems, 
which  are  geared  to  horizontal  shafts  carrying  cranks  directly 
connected  with  the  stems  of  air  valves,  so  that  when  the  opera- 
tor swings  a  lever  he  directly  operates  an  air  valve,  and  at  the 
same  time  locks  the  lever  behind  him  and  unlocks  the  lever 
in  advance,  in  order  of  sequence. 

All  the  transmissions  are  by  compressed  air,  and  are  con- 
trolled by  the  aforesaid  valves  of  the  interlocker,  and  critical 
motions  are  further  controlled  by  stops  operated  by  com- 
pressed air  piped  to  them  from  valves  at  the  gate  posts,  so 
that  if  any  gate  be  ofif  its  seat  the  apparatus  is  firmly  locked 
and  cannot  be  moved  until  each  and  every  gate  is  properly 
seated. 

The  interlocker  is  in  a  three-story  operator's  house,  all  the 
valves  and  pipes  being  in  the  lower,  the  operating  story  con- 
taining only  the  levers  and  the  table  which  carries  them. 

The  tubular  valves  have  balanced  spools,  cup-leather  pack- 
ings and  bronze-lined  shells. 

AUTOMATIC  STOPPING  MACHINES. 

The  automatic  stop  machines  prevent  the  locks  from  rising 
too  high,  or  running  away,  and  control  the  amount  of  sur- 
charge taken  on  the  elevated  lock,  which  is  the  working  force 
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of  the  system.  To  this  end  they  control  the  hydraulic  valves 
of  the  hydraulic  stops. 

Because  air  is  elastic,  the  motions  of  the  ascending  and 
descending  locks  are  not  exactly  synchronous,  the  ascending 
lock  leading  the  descending  lock.  Therefore,  stop  machines 
are  independent  for  each  lock.  They  operate  only  when  the 
lock  is  in  the  upper  limit  of  its  stroke,  and  are  adjustable  to 
compensate  for  varying  heights  of  water  in  the  upper  level. 

Each  lock  operates  its  machine  by  chain  gearing  turning 
its  main  shaft,  which  carries  a  drum  having  a  differential 
thread,  one  end  being  of  i-inch  pitch,  the  other  36-inch  pitch, 
the  latter  cut  in  an  enlarged  part,  the  slow  thread  being  idle, 
merely  keeping  the  parts  in  mesh  while  it  is  not  desired  that 
the  lock  should  function  the  machine. 

The  thread  moves  a  sliding  bar,  which  has  on  one  face  a 
differential  tooth  meshing  with  the  thread  of  the  drum,  and  on 
the  other  an  operating  face,  consisting  in  a  rack  and  plain 
guiding  surfaces  coincident  with  the  pitch  lines  of  the  rack. 
Engaged  with  this  bar  is  a  pinion  segment,  having  a  toothed 
portion  and  plane  faces  tangent  to  the  pitch  circle. 

During  the  greater  part  of  the  lock  stroke  the  differential 
tooth  meshes  with  the  slow  thread  on  the  drum,  the  plain  faces 
of  the  bar  and  segment  engage,  and  the  machine  does  not 
function.  When  the  lock  approaches  the  upper  limit  of  its 
stroke,  the  differential  tooth  meshes  with  the  quick  thread, 
the  rack  meshes  with  the  toothed  portion  of  the  segment,  and 
the  machine  functions;  the  shaft  carrying  the  segment  being 
connected  with  a  parallel  crank  shaft  by  double  gearing,  the 
gears  on  the  crank  shaft  being  loose  and  rotating  it  by  ratchet 
gearing,  so  that  it  is  always  turned  in  the  same  direction, 
whichever  way  the  segment  may  be  rotated.  One  end  of  the 
crank  shaft  connects  by  a  crank  and  link  with  the  main 
hydraulic  valve.  The  other  connects  with  a  positive  differen- 
tial crank  motion  directly  actuated  by  compressed  air  from 
the  interlocker,  and  such  that  dead  centers  are  avoided  and 
the  slip  of  the  valve  is  taken  up  twice  during  the  complete 
cycle.  The  lock  opens  and  closes  the  hydraulic  valve  by  rota- 
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ting  the  segment.  The  operator  opens  the  said  valve,  takes 
up  slip,  and  brings  it  to  a  fixed  position  by  admitting  com- 
pressed air  to  a  piston  of  the  differential  apparatus,  which  is 
so  geared  that  when  the  differential  crank  rotates  144°,  the 
valve  crank  rotates  210°,  and  when  the  lock  rotates  the  valve 
crank  150°,  completing  its  revolution,  the  differential  is  rotated 
216°,  and  completes  its  revolution. 

HYDRAULIC    ACCUMULATOR    INTENSIFIER. 

This  machine  gives  the  operator  perfect  control  of  the 
elevated  lock.  It  is  so  designed  that  by  operating  a  valve  it 
will  give  either  a  higher  or  lower  working  pressure.  When 
the  lower  pressure  is  admitted  to  the  hydraulic  stops,  the  lock 
will  retract  the  stops  and  raise  the  accumulator  weight.  When 
the  higher  pressure  is  admitted  to  the  stops,  they  will  force 
down  the  lock. 

The  weight  is  a  tubular  concrete  block,  with  an  annular 
water  tank  for  increasing  the  load.  The  frame  is  central  in  the 
well  of  the  weight  and  sustains  the  hydraulic  members,  which 
are  a  lower  20-inch  cylinder,  a  20-inch  ram  carrying  the 
weight  and  bored  to  form  the  cylinder  for  an  upper  11 5^2 -inch 
ram  working  therein. 

The  two  cylinders  are  connected  by  a  valve-controlled 
pipe.  When  the  valve  is  closed,  all  of  the  water  expelled  from 
the  20-inch  ram  is  piped  to  the  hydraulic  stops,  the  pressure 
being  1,086  pounds..  When  the  valve  is  open,  one-third  of  the 
water  expelled  from  the  20-inch  cylinder  goes  into  the  11^- 
inch  cylinder  and  intensifies  the  pressure,  raising  it  to  1,623 
pounds. 

This  is  an  example  of  work  equivalent.  The  work  done  is 
the  descent  of  the  accumulator  weight.  If  all  of  this  work  goes 
into  the  stops,  their  work  collectively  is  equal  to  the  volume 
swept  through  by  the  acumulator  ram  at  low  pressure.  If  but 
two-thirds  of  the  water  passes  to  the  stops,  and  one-third  goes 
to  the  intensifier,  it  is  evident  that  the  same  work  must  be 
done  by  the  stops  in  a  stroke  two-thirds  of  the  stroke  of  the 
weight,  and,  therefore,  the  pressure  must  be  increased  one-half. 

The  machine  is  also  a  mechanical  proof  of  the   mathe- 
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matical  summation  of  series.  In  the  case  given  the  intensifier 
ram  is  practically  one-third  the  area  of  the  accumulator  ram. 
Therefore,  when  the  valve  is  opened,  the  pressure  in  the  accu- 
mulator cylinder  reacts  through  the  intensifier  cylinder,  and 
raises  the  pressure  in  the  accumulator  one-third.  This  one- 
third  reacting  in  the  same  manner,  raises  it  one-ninth.  The 
one-ninth  increase  raises  it  one-twenty-seventh,  which  raises 
it  one-eighty-first,  which  raises  it  one-two-hundred-and-forty- 
third,  and  so  on  to  summation: 

I        I         I  I  I 

3  +  9  +  ^  +  87  +  iis  + 

et  cetera,  the  sum  of  which  is  one-half. 

operator's  control  of  the  elevated  lock. 

Szvellitig  the  Boats  In  and  Out. — Experience  proves  that  the 
entry  and  exit  of  boats  to  and  from  locks  is  much  easier  if 
water  flows  with  the  boats.  Therefore,  the  ascending  lock 
holds  a  depth  of  water  considerably  exceeding  the  least  work- 
ing draft,  and  when  it  approaches  the  upper  limit  of  its  stroke 
is  automatically  stopped,  with  the  water  in  the  lock  chamber 
on  a  level  with  that  in  the  aqueduct,  so  that  as  soon  as  the 
space  between  the  adjacent  lock  and  aqueduct  gates  is  filled 
with  water  the  said  g3tes  can  be  opened,  without  adjusting 
water  levels,  thus  making  a  great  saving  in  time.  A  further 
saving  is  made  by  swelling  the  boat  out  into  the  aqueduct. 
To  do  this,  the  operator  moves  a  lever  at  the  interlocker,  which 
opens  the  main  hydraulic  valve,  the  intensifier  valve  being  at 
such  time  closed,  whereupon  the  lock  retracts  the  hydraulic 
stops,  rises  and  discharges  its  surplus  water  into  the  aqueduct, 
swelling  the  boat  out,  the  upward  motion  of  the  lock  being 
properly  automatically  arrested  by  the  automatic  stop  ma- 
chine. 

As  the  boat  which  is  to  be  locked  down  enters  the  lock,  the 
operator  swings  a  lever  in  the  interlocker,  which  simultane- 
ously opens  the  hydraulic  valve  and  the  intensifier  valve,  bring- 
ing the  intensifier  into  action,  the  hydraulic  stops  forcing  down 
the  lock,  which  takes  on  a  surcharge  of  water,  which  swells  in 
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the  boat,  the  downward  motion  being  properly  automatically 
stopped.  If  now  the  gates  be  closed,  the  elevated  lock  is  ready 
for  its  traverse. 

AUTOMATIC  CONTROL  OF  THE  DEPRESSED  LOCK. 

In  order  to  avoid  nicety  of  adjustment  and  loss  of  time  in 
connecting  the  depressed  lock  with  the  lower  level,  said  lock 
founders  until  its  downward  motion  is  arrested  and  cushioned 
by  the  floating  power  of  the  cushion  chambers  at  the  sides  of 
the  lock  chamber.  There  are  longitudinal  flotation  chambers 
beneath  the  cushion  chambers,  from  which  the  air  is  dis- 
charged as  the  lock  is  immersed,  so  that  the  lock  may  founder; 
after  which  both  gates  are  opened,  so  that  water  can  come  in 
behind  the  boat,  as  it  is  drawn  out,  giving  it  free  motion. 

The  lock  descended  surcharged  with  water  and  now  con- 
tains a  maximum  draft.  In  order  to  ascend,  it  must  be  light- 
ened. For  this  purpose  there  are  vertical  long  flotation  pipes, 
of  small  cross-section,  which,  when  the  lock  is  elevated,  com- 
municate with  the  atmosphere  and  take  in  a  charge  of  air  at 
atmospheric  pressure.  As  the  lock  descends  this  air  is  held 
and  compressed,  its  pressure  being  a  maximum  and  its  flota- 
tion a  minimum  when  the  lock  is  in  its  lowest  position;  at 
which  time  valves  are  automatically  opened,  permitting  this 
air  to  rise  from  the  narrow  vertical  pipes  to  the  long  horizontal 
flotation  chambers.  As  it  rises,  the  water  pressure  on  it  dimin- 
ishes and  it  expands  to  nearly  atmospheric  pressure  and  re- 
gains its  original  volume  and  maximum  floating  power,  auto- 
matically increasing  the  flotation  of  the  lock  so  that  it  floats 
with  just  the  desired  depth  over  the  sill. 

The  minimum  draft  is  12  feet.  Draft  ready  to  ascend,  12 
feet  6  inches.  After  the  lock  is  elevated  and  connected  with 
the  aqueduct,  it  rises  6  inches,  expels  this  surplus  into  the 
aqueduct,  swells  out  the  boat,  and  has  its  minimum  draft  over 
the  sill.  To  take  in  the  surcharge  of  water  and  swell  in  the 
descending  boat,  the  lock  is  forced  down  18  inches  and  de- 
scends with  13  feet  6  inches  over  the  sill. 
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AUTOMATIC  INCREASE  AND  EQUATING  OF  AIR  PRESSURE. 

While  the  lock  is  moving,  it  is  obvious  that  the  air  pressure 
cannot  vary  greatly  from  the  pressure  which  would  be  in 
exact  equilibrium  with  the  load.  If  the  walls  of  the  chamber 
were  parallel,  the  working  margin  of  excess  pressure  must  be 
greater,  because  the  pressure  of  equilibrium  would  necessarily 
increase  as  the  lock  rose  and  the  immersed  portion  of  its  walls 
became  less;  therefore,  the  locks  are  equated,  so  that  the  work- 
ing pressure  or  pressure  of  equilibrium  is  constant,  the  sides 
being  splayed,  so  that  the  projected  area  against  which  the 
pressure  acts  increases  in  a  constant  ratio  from  the  upper 
towards  the  lower  portion  of  the  air  chamber,  with  the  de- 
creased immersion  of  the  walls. 

When  the  elevated  lock  is  arrested  by  the  stops,  it  is  neces- 
sary for  its  safe  use  that  the  air  pressure  and  the  flotation  be 
increased  some  30  per  cent.  This  is  done  automatically  by  the 
descending  lock. 

The  horizontal  area  of  the  air  chamber  is  considerably 
larger  than  the  floor  of  the  lock  chamber,  such  excess  equaling 
the  sums  of  the  areas  of  the  horizontal  segmental  projections 
of  the  air  chamber  beyond  the  line  of  the  lock  chamber. 
When  the  lock  is  elevated,  there  is  no  water  on  these  plates, 
but  as  the  lock  descends  they  become  immersed,  and  the 
weight  of  water  upon  them  is  necessarily  carried  by  the  air 
charge,  the  pressure  of  which  is  thus  increased  and  becomes  a 
maximum  when  the  lock  is  at  its  lowest  position;  and  this 
automatic  increase  of  pressure  is  transmitted  to  the  elevated 
lock,  and  there  acts  on  the  larger  pressure  surface  at  the  lock 
bottom,  and  thus  automatically  provides  the  excess  of  buoy- 
ancy necessary  to  safe  use. 

ELASTIC   RETAINER   FOR   ELEVATED    LOCK. 

While  the  lock  is  moving  it  is  not  subject  to  disturbing 
forces,  except  that  of  the  wind,  but  when  it  is  elevated  and  con- 
nected with  the  aqueduct,  the  unbalanced  hydrostatic  pressure 
tends  to  force  the  lock  away  and  break  the  joint;  and  because 
boats  might  ram  the  outboard  lock  gate,  it  is  necessary  that 
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the  connection  have  flexibility  to  cushion  the  blow.  These 
ends  are  compassed  by  tension  retainers,  which  are  I-bar 
cables,  220  feet  long,  hanging  in  catenaries,  anchored  at  one 
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end  to  the  bed  rock,  at  the  other  retaining  the  hydrostatic 
pressure  in  the  end  of  the  aqueduct,  or  in  the  lock  when  con- 
nected, the  connection  being  retaining  wheels,  12  inches  thick, 
5  feet  diameter,  with  15-inch  journals,  adjustable  in  bearings 
■  formed  in  the  end  frames  of  the  retainers,  the  wheels  engaging 
shoulders  on  the  lock,  which  are  runways  planed  on  heavy  steel 
castings,  riveted  into  and  forming  flanges  of  the  portal  columns 
of  the  lock  body.  A  blow  will  pull  the  cables  into  flatter 
curves,  the  endwise  motion  cushioning  the  shock. 

The  joint  is  made  water-tight  by  a  dilatable  rubber  tube, 
secured  to  the  aqueduct  face,  and  seating  at  any  point  on  a 
flat  timber  apron  provided  on  the  adjacent  end  of  the  lock. 
The  tube  is  cured  flat,  and  remains  so  when  deflated.  To 
make  a  joint,  it  is  inflated  by  compressed  air  admitted  from  a 
valve  of  the  interlocked  The  space  between  the  gates  is 
flooded  and  emptied  through  pipes  controlled  by  pneumatic 
weirs,  which,  in  turn,  are  controlled  by  air  pipes  leading  to 
valves  at  the  interlocker. 

POWER  PLANT. 

There  is  a  36-inch  double-balance  turbine,  belted  to  a 
duplex  air  compressor,  to  a  four-cyHnder,  high-pressure  hy- 
draulic pump,  and  to  a  dynamo  for  lighting.  Also  a  high- 
pressure  air  tank,  and  a  tank  for  the  hydraulic  supply,  it  being 
intended  to  operate  the  hydraulic  apparatus  with  500°  test 
petroleum. 

AQUEDUCT. 

The  necessity  of  operating  the  old  locks  while  the  new 
ones  were  being  built  compelled  the  use  of  an  aqueduct,  393 
feet  long,  to  connect  them  with  the  upper  level.  This  aqueduct 
is  so  designed  that  the  strains  due  to  the  static  load  oppose 
and  cushion  the  strains  induced  by  collision  of  vessels  using  the 
aqueduct.  This  principle  develops  the  full  elastic  quality  of 
the  steel,  makes  the  sides  four  times  as  flexible,  and  the  flange 
strains  less  than  one-eighth  as  great  as  those  obtaining  in 
aqueducts  heretofore  designed;  the  builders  of  which  appar- 
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ently  ignored  the  destructive  effect  of  shocks  or  assumed 
that  the  boats  could  be  drilled  so  as  not  to  collide. 

In  structures  of  the  old  type  the  flange  strains  in  the  frames 
are  due  to  the  sum  of  the  static  and  shock  moments,  and  the 
elastic  cushioning  movement  of  the  side  walls  is  that  due  to 
the  variation  in  the  one  kind  of  strain,  for  example,,  tension, 
to  which  the  flange  is  subjected.  In  the  design  exhibited,  the 
flange  strains  are  equal  to  one-half  the  difference  between  the 
static  and  shock  moments,  and  reverse  from  tension  to  com- 
pression, or  vice  versa,  so  that  the  elastic  movement  is  four 
times  as  great,  the  greatest  which  the  metal  is  susceptible 
of  without  injury. 

GENERAL   PRINCIPLE   OF   CONSTRUCTION. 

The  floor  is  not  framed,  but  suspended  at  the  edges,  and 
the  weight  thereon  exerts  an  inward  pull  on  the  frames  in 
opposition  to  the  hydrostatic  pressure  on  the  sides.  By  suit- 
ably proportioning  the  parts,  these  forces  can  be  given  any 
desired  ratio.  The  inward  moment  of  the  floor  exceeds  the 
sum  of  the  outward  moments,  and  induces  compression  in 
the  upper  and  inner  flanges,  and  tension  in  the  outer  and 
lower  flanges  below  the  floor  line.  When  a  boat  strikes 
the  side,  the  stresses  are  reversed. 

This  particular  design  could  not  be  applied  to  the  end  bays, 
where  the  gates  are  located.  Therefore,  the  principles  were 
applied  in  a  different  manner,  the  flat  floor  being  carried  by 
transverse  girders  spliced  to  the  side  walls,  which  are  framed 
as  girders  and  connected  to  the  inner  vertical  flanges  of  the 
frames  which  are  suspended  from  their  outer  flanges  on  links 
and  pins,  so  that  under  the  static  load  the  outer  and  under 
flange  is  in  tension,  and  the  upper  and  inner  flange  in  com- 
pression. When  the  boat  strikes  one  side,  its  shock  is  cush- 
ioned by  the  elasticity  of  the  entire  frame,  and  before  it  can 
have  a  destructive  effect,  it  must  reverse  the  strains  in  both 
flanges,  swing  the  end  of  the  aqueduct  to  one  side  and  some- 
what raise  it.  This  design  can  be  made  much  more  effective 
with  an  equal  weight  than  that  adopted  for  the  intermediate 
bays,  because  the  shock  is  cushioned  by  the  elasticity  of  the 
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entire  frame,  whereas  the  other  design  cushions  by  the 
elasticity  of  half  the  frame. 

As  the  designs  for  the  aqueducts  have  been  very  materi- 
ally improved  since  this  address  was  delivered,  the  reader  is 
referred,  for  full  information  concerning  them,  to  U.  S.  pat- 
ents 62 r, 470,  of  March  21,  and  626,321,  of  June  6,  1900, 
issued  to  the  author. 

While  every  precaution  has  been  taken  in  the  design  to 
prepare  the  structure  safely  to  resist  a  maximum  shock,  the 
interior  of  the  aqueduct  is  protected  with  elastic  timber 
guards,  which,  if  they  be  properly  maintained,  will  absorb 
the  greater  part  of  the  shocks  without  much  strain  to  the 
structure.  But,  obviously,  a  structure  which  maybe  put  into 
the  keeping  of  incompetent  men,  appointed  for  political  pur- 
poses without  regard  to  their  fitness,  must  be  so  designed 
that  no  fool  can  cripple  it,  so  that  it  might  be  wrecked  by 
improper  use.  Therefore,  the  aqueduct  is  designed  with 
such  great  care,  and  is  much  more  costly  than  would  be  de- 
sirable were  it  owned  and  operated  by  a  private  corpora- 
tion, which  would  exercise  reasonable  care  in  its  use  and 
maintenance.     The  same  is  also  true  of  the  locks. 

HOW   THE   LOCKS    WORK. 

The  depressed  lock  floats  and  requires  no  care.  The  ele- 
vated  lock  is  connected  with  the  pneumatic  accumulator,  and 
the  air  pressure  in  it  is  8^  pounds  per  square  inch,  which 
expels  from  it  a  weight  of  water  30  per  cent,  greater  than  the 
weight  of  the  loaded  lock,  giving  it  the  excess  buoyancy  neces- 
sary to  its  safe  use ;  said  excess  Inioyancy  being  restrained  by 
the  anchors.  When  the  elevated  lock  first  ascended,  it  en- 
gaged with  the  retainer,  the  joint  was  packed  by  inflating  the 
rubber  pipe,  the  space  between  the  lock  and  aqueduct  gates 
was  flooded  with  water,  the  gates  were  opened,  the  boat  was 
swelled  out  into  the  aqueduct,  to  accomplish  which  the  hy- 
draulic valve  controlling  the  stops  was  opened  and  the  lock 
retracted  them  and  raised  6  inches.  As  the  descending  boat 
entered  the  lock,  the  intensifier  was  brought  into  action,  the 
lock  was  forced  down  18  inches  and  took  on  its  surcharge  of 
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water,  swelling  in  the  boat,  such  lock  motions  being  automati- 
cally stopped  by  the  stop  machine.  The  gates  of  the  depressed 
lock,  and  the  adjacent  gates  of  the  elevated  lock  and  aqueduct 
can  now  be  closed,  and  the  space  between  them  drained.  The 
accumulator  valves  are  now  closed,  the  main  valve  is  opened, 
and  the  air  expands  from  the  elevated  lock  into  the  depressed 
lock,  raising  it  and  at  the  same  time  lightening  it  as  it  rises, 
by  reducing  the  extraneous  load  of  water  on  the  projecting 
horizontal  segmental  plates  at  the  tops  of  the  air  chambers. 
This  function  continues  until  the  air  in  the  elevated  lock  has 
expanded  to  less  than  equilibrium  with  the  weight  thereof,  so 
that  the  elevated  lock  can  descend,  at  which  time  the  de- 
pressed lock  has  been  raised  so  high  and  the  extraneous  load 
therof  so  decreased,  that  the  pressure  of  equilibrium  therein  is 
less  than  in  the  elevated  lock,  from  which  time  the  depressed 
lock  ascends  until  it  is  fully  elevated  and  is  brought  to  rest  by 
the  hydraulic  stops,  and  the  elevated  lock  descends  until  the 
segmental  plates  at  the  tops  of  the  air  chambers  are  immersed 
and  begin  to  take  on  the  extraneous  load,  which  increases  as 
the  lock  descends,  and  the  plates  are  immersed  to  greater  and 
greater  depth,  such  extraneous  load  and  the  air  pressure  be- 
coming maximum  when  the  lock  has  descended  to  its  lowest 
position.  This  maximum  pressure  acts  in  the  elevated  lock  at 
the  large  bottom  portion  thereof,  and  induces  therein  the  ex- 
cess buoyancy  necessary  for  its  safe  use.  The  main  valve  is 
then  closed,  and  the  accumulator  valve  opened,  conneciing 
the  accumulator  with  the  elevated  lock,  which  can  then  be 
connected  with  the  aqueduct.  Both  gates  of  the  depressed 
lock  are  then  opened,  which  is  thereafter  automatically  floated 
to  a  higher  position  relatively  to  the  surface  of  the  water  of  the 
lower  level,  in  which  it  floats,  so  as  to  contain  the  draft  of  water 
with  which  it  should  ascend. 

The  pneumatic  lock  will  wholly  change  the  conditions  of 
canal  construction.  Heretofore,  the  range  of  usefulness  and 
the  location  of  canals  have  been  limited  by  the  water-supply 
available  for  feeding  the  locks  from  the  summit  level,  and  it 
has  been  necessary  to  maintain  the  water  level  within  narrow 
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limits;  and  the  large  amount  of  water  and  the  heavy  currents 
necessary  in  locking  have  necessitated  a  constantly  run- 
ning supply  and  spill  ways  for  the  escape  of  such  supply,  when 
the  locks  were  not  operated.  The  small  lift  of  the  Leonardo 
locks  necessitated  the  selection  of  gentle  slopes  for  the  lock 
sites,  which,  in  many  cases,   involves  soft  foundations.     In 
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Vertical  ordinates  read  stroke  in  feet.  Abscissas  read  feet  of  water 
pressure,  or  "head"  on  air  charge,  in  Fi'o^s.  /  and  2;  and  in  Fig-,  j  read 
100,000  of  cubic  feet  of  compressed  air  as  distributed  between  the  two  locks 
during  their  cycle,  the  central  ordinate  indicating  the  position  of  the  valve 
and  the  adjacent  rectangles  the  conduits.  In  Fig-,  i  the  stroke  of  the  descend- 
ing lock  reads  downwardly,  with  the  motion  ;  in  Figs.  2  and  j  all  strokes  read 
upwardly  so  as  to  show  relatively  coincident  conditions  in  the  two  locks. 

canals  planned  with  pneumatic  locks,  the  most  economical 
plan  will  be  to  make  the  levels  as  long  and  the  locks  as  high 
and  few  in  number  as  possible.     Guard  locks  and  the  waste  of 
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water  can  be  entirely  dispensed  with,  and  the  summit  level 
can  be  utilized  for  storage,  its  banks  being  high  enough  to 
contain  the  highest  and  its  bottom  low  enough  to  give  the 
.desired  draft  at  the  lowest  water,  the  variation  being  taken  up 
at  the  lock.  In  most  canals  the  heavy  tonnage  is  one  way,  and 
down  hill.  In  such  cases  the  descending  tonnage  will  not 
only  operate  the  lock,  but  also  lift  water  to  the  summit  level. 
It  will  be  seen  that  the  first  cost  of  canals  and  their  demands 
on  the  water-supply  are  reduced  to  a  minimum.  Application 
of  steel  to  the  locks  reduces  their  cost  of  installation,  operation 
and  maintenance  as  greatly  as  it  has  reduced  such  costs  in 
other  engineering  structures.  The  State  authorities  estimate 
that  the  saving  in  wages  at  Lockport  will  exceed  interest  on 
the  entire  cost,  and  at  Cohoes  such  saving  will  be  double  the 
interest  on  the  cost  of  installation,  so  that  building  the  Cohoes 
locks  will  save  an  actual  profit.  In  ship  canal  locks  the  saving 
will  be  in  ratio  increasing  with  their  size. 


Mining  and  Metallurgical  Section. 

special  Meeting,  held  Wednesday,  January  $1 ,  lyoo. 

FLUSHING  OF  CULM  IN  ANTHRACITE  COAL 

MINES. 


By  Wm.  Griffith, 
Mining  Engineer. 


From  1 5  to  20  per  cent,  of  the  coal  won  from  the  anthra- 
cite coal  mines  according  to  the  methods  of  the  past  was 
ground  so  fine  in  the  course  of  preparation  through  the 
breaker  that  it  could  not  be  used  or  sold,  and  had  to  be 
piled  away  as  refuse.  The  method  of  doing  this,  and 
which  is  still  largely  used,  is  to  haul  the  culm,  as  it 
falls  from  the  chute,  to  the  foot  of  a  plane.  It  is  then 
hoisted  up  an  incline  to  the  top  of  a  large  pile  and  pulled 
to  the  dumping  ground  by  a  mule,  all  of  which  process 
costs  in  the  neighborhood  of  a  cent  or  more  per  ton  for  the 
total  output  of  the  mine.     The  result  is  that  at  every  an- 
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thracite  mine  there  are  to  be  found  immense  piles  of  refuse 
which  are  not  only  unsightly,  but  occupy  considerable  areas 
of  ground  which  it  would  often  be  very  advantageous  to 
use  for  other  purposes.  By  the  wet  process  of  preparation, 
though  the  culm  is  flushed  into  streams  with  water,  similar 
objections  hold. 

Of  late  years  many  of  these  culm  piles  are  being  re- 
worked and  the  coarser  portions  screened  out  and  sold  for 
use  as  steam  sizes,  leaving  the  finer  culm  still  as  a  waste 
material.  Furthermore,  the  improvement  in  methods  of 
burning  fine  coal  has  been  so  marked  that  the  culm  or 
waste  produced  by  present  methods  of  preparation  in  mod- 
ern coal  breakers  is  not  much  larger  than  the  printed  letter 
of  this  page.  Recently,  however,  a  new  process  has  been 
originated  for  disposing  of  the  waste  from  the  mines,  which 
has  been  called  "  flushing."  By  this  process  the  culm  and 
waste  material  is  carried  back  into  the  mines,  with  water,  and 
allowed  to  fill  part  of  the  abandoned  portions  of  the  under- 
ground workings.  This  scheme  was  first  resorted  to  in 
1887,  by  the  Philadelphia  and  Reading  Coal  and  Iron  Com- 
pany, at  their  Kohinoor  Colliery,  near  the  city  of  Shenan- 
doah, in  the  Schuylkill  region.  Here  the  Mammoth  Vein 
is  about  60  feet  in  thickness.  An  immense  cavity  about 
100  yards  square  had  been  excavated  by  former  operators, 
under  valuable  property  in  the  city  of  Shenandoah,  and  it 
was  feared  that  in  case  a  cave  should  occur  it  might  cause 
great  damage.  In  order  to  prevent  this,  the  cavity  was 
filled  with  culm  from  an  adjacent  culm  pile,  flushed  in  with 
water,  through  a  series  of  bore  holes  which  were  bored  for 
the  purpose.  The  success  of  this  experiment  excited  con- 
siderable comment  throughout  the  anthracite  region,  and 
resulted  eventually  in  the  repetition  of  the  process  at  other 
collieries,  for  various  purposes. 

In  the  Northern  coal  field  the  process  was  first  introduced 
in  about  the  year  1892,  at  the  Dodson  and  Black  Diamond 
Collieries,  operated  by  Mr.  J.  C.  Haddock,  under  the  super- 
intendency  of  Mr.  James  B.  Davis.  Mr.  Davis  has  since 
prepared  a  very  careful  and  exhaustive  paper  upon  the 
•  subject,  which  goes  fully  into  the  practical  details   of  the 
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operation.  This  paper  was  read  on  January  12,  1898,  at 
a  meeting  of  the  Anthracite  Coal  Operators'  Association,  in 
New  York,  and  was  subsequently  published  in  the  monthh- 
letter  of  this  Association,  issued  in  Februar}-,  1898.  Also 
in  March  and  April  issues  of  Mines  and  Minerals,  vScranton, 
Pa. 

This  process  of  flushing  is  now  in  operation  at  many 
other  collieries  throughout  the  anthracite  coal  region, 
although  the  great  majority  still  cling  to  the  older  method 
of  depositing  the  culm  on  the  surface. 

The  process  is  a  very  simple  one.  The  culm,  as  it  accu- 
mulates in  the  breaker,  is  carried  through  a  system  of  "  tele- 
graphs" or  conveyors  to  a  hopper — usually  an  oil  barrel. 
A  stream  of  water  is  also  conducted  into  the  same  hopper 
by  means  of  a  3-inch  pipe,  and  the  culm  is  carried  by  the 
water  through  a  pipe  usually  4  inches  in  diameter,  passing 
out  of  the  bottom  of  the  hopper.  This  pipe  passes  down 
into  the  mines  through  the  shaft,  or  by  means  of  a  bore 
hole,  is  conducted  along  the  gangways  and  up  the  chambers 
through  the  cross-cuts  to  the  point  where  it  is  desired  to 
deposit  the  culm.  The  pipe  used  is  ordinary  black  wrought- 
iron  pipe.  The  joints  are  ordinary  screw  joints ;  or  more  com- 
monly a  piece  of  4^-inch  pipe,  about  8  inches  long,  is  split 
on  one  side  and  placed  around  the  pipe,  being  held  together 
by  two  clamps.  This  form  of  joint  is  very  simple  and  easy 
to  apply.  It  leaks  for  a  short  time  after  being  put  on,  but 
the  crevices  are  soon  stopped  by  the  culm  and  the  joint 
becomes  tight.  This  pipe  may  be  carried  from  the  foot  of 
the  shaft  either  up  or  down  the  pitch.  Of  course,  if  it  is 
carried  up  the  pitch,  more  water  is  required  to  deliver  the 
same  amount  of  culm  than  is  the  case  where  the  pipe  is 
carried  down  the  pitch  or  level.  The  culm  flows  freely 
through  these  pipes  for  long  distances,  and  may  be  de- 
posited at  almost  any  point  in  the  ordinary  anthracite  mine. 
The  water  is  usually  turned  on  about  fifteen  minutes  before 
the  work  starts  at  the  breaker,  and  is  allowed  to  run  for 
about  fifteen  minutes  after  work  stops  in  the  evening,  in 
order  to  thoroughly  clean  the  pipe.  Occasionally  stoppages 
occur  when  the  pipe  becomes  filled  with  culm  from  one  end 
Vol.  CXLIX.     No.  892.  18 
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to  the  other,  which  of  course  requires  considerable  time 
and  trouble  to  again  clear.  It  is  usually  accomplished  by 
breaking  a  joint  near  the  foot  of  the  shaft  and  allowing  the 
pressure  of  the  water  to  force  the  culm  out  of  a  section  lOO 
or  200  feet  in  length.     Connection  is  then  made  and  again 


broken  several  lengths  farther  on,  and  the  water  used  to 
again  clean  the  pipe.  This  process  is  continued  until  the 
pipe  is  all  cleared. 

The  culm  issuing -from   the  pipe  is  discharged  in  the 
highest  point  of  the  chamber  or  portion  of  the  mine  desired 
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to  be  flushed,  and  stoppings  are  placed  at  the  outlets  of  the 
chambers,  near  the  gangways.  The  culm,  as  it  is  deposited 
from  the  end  of  the  pipe,  takes  a  very  flat  slope,  and  is  car- 
ried a  long  distance  by  the  water,  which  ultimately  sinks 
away  and  filters  through  the  deposited  culm  to  the  lower 


^v^__^, m 
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portion  of  the  mine,  where  it  is  pumped  to  the  surface  by 
the  mine  pumps. 

The  stoppings  which  are  used  are  often  simply  board 
partitions  placed  across  the  end  of  the  chamber  and  fitted 
closely  ;  or  sometimes  dry  walls  of  slate  or  mine  rubbish  are 
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used,  a  dike  of  culm  being  piled  behind  the  wall,  through 
which  the  water  may  filter. 

When  the  chamber  is  filled  to  the  roof  the  pipe  is  with- 
drawn and  culm  allowed  to  run  into  the  next  chamber,  and 
so  on  the  process  continues  until  the  desired  area  is  com- 
pletely filled  with  culm. 

There  are  many  details  of  the  process  which  we  do  not 
care  to  enter  into  at  this  time.  They  will  be  found  to  be 
explained  at  length  in  the  article  previously  referred  to  ;  as 
also  the  items  of  cost  and  the  various  advantages  of  the 
process  from  the  cost  point. 

In  general,  it  may  be  said  that  the  net  saving  b}-  flushing 
varies  from  $5  to  $?5  per  day.  In  addition  to  this  good 
showing  in  favor  of  the  flashing  process  from  the  view- 
point of  the  expense,  the  advantages  of  the  process  are 
many,  perhaps  the  greatest  of  which  is  the  help  that  may 
be  afforded  the  pillars  by  flushing  culm  at  the  time  of  a 
squeeze  in  a  coal  mine.  During  the  past  years,  of  course, 
the  coal  in  the  anthracite  region  has  been  mined  largely 
from  the  upper  seams,  and  from  those  from  which  coal  could 
be  won  at  the  least  expense,  leaving  the  deep  coals  and  ex- 
pensive, dangerous  mining  for  the  future.  During  the  min- 
ing of  these  shallow  seams  with  thin  overlying  roof,  the 
question  of  squeezes  in  the  coal  mines  was  a  matter  of  com- 
paratively small  moment,  but  now  that  we  are  beginning  to 
mine  in  the  deeper  portions  of  the  measures,  it  becomes 
one  of  paramount  importance.  The  squeezing  and  caving 
of  our  mines,  owing  to  excessive  weight  on  the  pillars,  has 
been  the  cause  of  many  of  the  most  serious  and  expensive 
mine  accidents  and  awful  disasters  by  which  many  lives 
liave  been  lost,  as  well  as  much  property,  and  will  continue 
to  be  one  of  the  great  dangers  of  future  mining  in  the 
deeper  measures  of  the  anthracite  field.  It  has  been  cus- 
tomary in  the  past  to  leave  about  one-third  of  the  coal  in 
the  ground,  in  the  shape  of  pillars  to  support  the  roof,  but 
experience  now  shows  that  it  is  necessary  to  leave  a  larger 
amount  to  support  the  roof  in  the  deeper  lying  seams,  be- 
cause pillars  composed  of  one-third  the  seam  are  not  strong 
enough  in  all  cases  to  sustain  the  weight.     Besides  this,  in 
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some  coal  seams  the  pillars,  after  long  standing,  are  so 
affected  by  the  action  of  the  air,  heat  and  pressure  that 
they  splinter  and  chip  around- the  margin,  and  pieces  keep 
continually  falling  off.  This  process,  if  long  continued,, 
will  often  so  impair  the  pillars  of  an  old  working,  that  they 
become  too  weak  to  support  the  roof,  and  a  cave  or  squeeze 
is  started.  It  often  happens,  also,  that  in  otherwise  well- 
conducted  coal  mines  a  limited  area  of  the  workings  may 
be  so  mined  that  the  pillar  area  averages  much  less  than  is 
intended  by  the  management,  and  a  weak  point  is  made 
which  may  start  to  squeezing.  Whatever  maybe  the  cause, 
a  squeeze  usually  starts  at  some  weak  point  in  a  mine. 
And  inasmuch  as  the  crushing  strength  of  anthracite  coal 
is  about  twice  the  weight  required  to  start  it  to  squeezing 
or  cracking,  a  considerable  time  elapses  from  the  moment 
that  the  squeeze  begins  until  a  crush  finall}^  occurs,  and,  as 
a  rule,  ample  warning  of  the  impending  danger  is  given  by 
the  snapping  or  grunting  of  the  pillars.  As  the  squeeze 
progresses  at  the  point  of  weakness,  the  pillars  become  less 
able  to  support  the  overlying  weight;  consequently,  the 
pressure  is  transferred  to  the  surrounding  pillars,  and  the 
result  is  that  the  squeeze  gradually  progresses  from  the 
weak  point  to  the  other  or  stronger  parts  of  the  mine, 
gradually  squeezing  the  pillars  as  it  progresses,  due  to  the 
immense  leverage  on  the  adjacent  pillars  which  are  still 
intact. 

The  method  of  preventing  such  squeezes  in  the  past  has 
been  to  build  cribs  or  "  cogs,"  as  they  are  called,  of  logs 
from  the  floor  to  the  roof  and  fill  them  with  rock  and  other 
refuse  of  the  mines,  until  a  sufficient  number  of  these  cogs 
have  been  built  across  the  line  or  direction  of  the  squeeze 
to  take  the  weight  from  the  adjoining  pillars  and  cause  a 
crack  in  the  roof,  which  immediately  relieves  the  strain  -on 
the  adjacent  pillars,  and  the  squeeze  will  stop.  Of  course, 
considerable  settlement  of  the  roof  will  occur  before  the 
cogs  will  take  the  weight,  and  at  best  this  system  of  stop- 
ping a  squeeze  in  'the  mine  is  very  imperfect,  uncertain 
and  dangerous  ;  whereas,  if  the  weak  point  of  the  mine 
can  be  filled  full  of  culm  by  the  flushing  process,  it  forms  a 
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barrier  which  no  squeeze  can  cross.  The  culm  effectually 
fills  up  the  cracks  and  crevices,  all  the  interstices  in  the 
mine  gob,  and  finds  its  way  under  the  center  of  the  affected 
parts  where  no  man  would  dare  to  go,  causing  an  effec- 
tual barrier  capable  of  sustaining  an  immense  weight ;  also 
protecting  the  pillars  from  further  chipping,  by  excluding 
the  air. 

Now  the  question  arises  and  is  of  considerable  interest, 
as  to  how  much  the  confined  culm  will  be  compressed  by 
the  weight  of  the  roof,  or  how  much  it  will  settle.  Mr. 
Davis  ascertained  by  experiment  that  a  cubic  foot  of 
anthracite  coal  ground  to  culm  would  be  flushed  into  a  space 
of  nearly  i^  cubic  feet.  Therefore  it  was  impossible  to 
compress  the  culm  more  than  one-third,  because  it  would 
then  occupy  the  same  space  as  the  solid  coal.  In  order  to 
determine  the  compressibility  of  culm  under  these  condi- 
tions, we  have  recently  made  a  few  experiments  in  this 
line.  The  first  and  second  experiments  were  with  wet 
culm  ;  the  third  with  dry  culm.  A  section  of  4-inch  wrought- 
iron  pipe  9^  inches  long  was  flushed  full  of  culm  and  after 
the  water  had  drained  off,  was  placed  in  a  h3'draulic  press 
and  the  pressure  required  to  compress  the  culm  noted. 
The  same  was  done  in  the  second  experiment,  using  a  pipe 
3  inches  internal  diameter  and  1 5^  inches  long.  In  the-third 
test  a  cylinder  of  cast  iron  3f  inches  diameter  and  13^ 
inches  long  was  flushed  full  of  culm  and  placed  on  top  of  a 
nest  of  boilers  for  about  a  week  until  it  became  thoroughl}' 
dry.  The  results  of  these  tests  are  shown  in  the  following 
tables,  indicating  tests  Nos.  i,  2  and  3  in  triple  columns.  It 
will  be  noted  that,  other  thing's  being  equal,  dry  culm  will 
withstand  two  or  three  times  the  weight  of  wet  culm.  It 
requires  a  long  time  for  culm  to  dry  after  being  flushed 
into  the  mine.  It  is  not  often,  therefore,  that  dry  culm 
could  be  depended  upon  to  withstand  the  weight  of  a  mine 
squeeze.  However,  when  it  does  become  dry  it  is  so  firmly 
compacted  that  gangways  maybe  driven  through  it  having 
vertical  walls  of  culm  on  either  side  which  show  only  a 
slight  tendency  to  caving. 

While  these  tests  are  very  crude   and    the  results    are 
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rather  varied  and  altogether  unsatisfactory,  still,  so  far  as 
our  knowledge  goes,  they  are  the  only  tests  ever  made  in 
this  particular  line  and  we  trust  are  only  the  beginning  of 
more  extended  ones  to  be  carried  forward  under  more  exact 
methods  and  more  favorable  conditions.  They  are  intro- 
duced here  because  they  will  serve  to  at  least  give  a  better 
idea  of  the  extent  to  which  culm  may  be  depended  upon  to 
hold  the  roof  of  a  caving  mine,  which  has  heretofore  been 
a  matter  of  mere  conjecture  by  engineers  of  the  coal  fields. 
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We  note  by  test  No.  2  that  to  produce  a  compression  of 
10  per  cent,  v/ould  require  about  -f^  of  a  ton  in  weight  per 
square  inch.  Therefore,  in  a  5-foot  seam  of  coal,  if  we 
assume  the  superincumbent  strata  to  weigh  about  145 
pounds  to  the  cubic  foot,  a  pressure  of  about  -^^  of  a  ton 
per  squar-e  inch  would  be  produced  by  a  column  of  sand- 
stone 1,800  feet  high.  In  a  5-foot  seam  which  had  been 
completely  flushed  with  culm  the  compression  caused  by 
this  weight  would  be  about  ^  foot,  an  enormous  resisting 
power. 

From  the  experience  of  the  past,  as  well  as  tests  which 
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we  have  recently  made,  we  know  that  the  pillars  of  a  coal 
mine  will  begin  to  squeeze  when  the  pressure  upon  them 
amounts  to  from  400  to  4,000  pounds  per  square  inch, 
depending  upon  the  thickness  of  the  bed,  quality  and  firm- 
ness of  the  coal  and  the  conditions  under  which  it  is  mined. 
Therefore,  for  example,  to  show  the  utility  of  flushing,  if 
we  assume  rriining  at  500  feet  depth  in  a  bed  in  which  we 
know  by  test  that  the  weakest  bench  of  coal  will  begin  squeez- 
ing at  1,500  pounds  per  square  inch,  if  two-thirds  of  the  coal 
in  such  a  mine  be  exhausted,  we  know  we  have  a  weight  on 
the  pillars  which  is  liable  to  start  a  squeeze  at  any  moment, 
particularly  if  in  any  part  of  the  workings  the  pillars  aver- 
age less  than  one-third  the  whole,  or  the  pillars  of  the  seam 
are  subject  to  much  chipping.  Therefore,  by  examination  of 
the  mine  and  the  maps,  the  engineers  may  select  the  weak 
points  and  flush  them  with  culm,  knowing  that  if  a  squeeze 
should  start,  the  roof  could  settle  only  about  3  to  8  per 
cent,  of  the  thickness  of  the  bed;  or,  if  the  culm  were  dry, 
only  about  2  per  cent.,  after  which  the  culm  would  take  the 
weight  and  stop  the  squeeze.  From  which  it  may  readily 
be  seen  that  culm  flushed  into  the  mines  by  this  process 
becomes  an  ample  and  positive  safeguard  against  the 
crushing  of  the  mine,  if  properly  done.  Of  course,  in  case 
of  robbing  or  remining  the  pillars  after  flushing,  the  settle- 
ment would  be  much  greater  than  above  stated,  unless  the 
space  formerly  occupied  by  the  pillars  be  reflushed. 

The  advantage  also  of  culm  as  a  preventive  of  mine  fires 
must  be  conceded.  It  has  been  supposed  that  the  culm 
thus  deposited  would  be  subject  to  spontaneous  combustion, 
as  is  so  often  the  case  with  culm  piled  on  the  surface. 
Experience,  however,  shows  that  spontaneous  combustion 
is  not  liable  to  occur  under  these  conditions.  Many  tests 
have  been  made  by  digging  through  the  culm  to  the  bottom 
rock,  but  in  nearly  all  cases  no  sign  of  heat  or  fire  has  been 
discovered,  and  there  is  no  case  on  record,  so  far  as  we  are 
informed,  of  the  culm  thus  deposited  taking  fire  spon- 
taneously. 

We  know  of  no  attempt  to  use  a  mixture  of  culm  with 
water  for  the  purpose  of  drowning  a  mine  fire,  but  it  would 
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seem  that  it  might  readily  be  used  for  this  purpose,  since 
by  placing  the  proper  stoppings  around  the  fire,  as  is 
usually  done,  for  excluding  the  air,  that  water  and  culm 
could  be  flushed  in  through  borings  from  the  surface  until 
the  space  was  completely  filled  with  wet  culm.  This 
method  would  effectually  exclude  the  air,  and  in  all  proba- 
bility stop  the  fire,  particularly  if  water  was  kept  running 
in  the  bore  hole,  so  that  it  could  seep  through  the  culm,  in 
order  to  keep  it  wet.* 

There  are  many  other  advantages  which  might  be  named 
in  favor  of  this  process,  but  we  have  not  time  to  consider 
them  here.     There  is  one  other  point,  however. 

The  question  will  of  course  arise  as  to  how  much 
additional  coal  may  be  mined  by  first  flushing  the  old  work- 
ings with  culm  and  then  extracting  the  pillars.  This  may 
be  safely  done  and  is  a  very  advantageous  way  of  robbing 
pillars  where  the  surface  contains  valuable  property  which 
cannot  be  disturbed.  The  quantity  of  coal  which  may  thus 
be  recovered  in  addition  to  that  obtained  by  the  first  mining 
over  is  a  question  which  is  entirely  controlled  by  the 
thousand  and  one  conditions  which  obtain  at  each  colliery. 
In  some  cases  little  coal,  in  others  much  ;  perhaps  20  per 
cent,  or  more  may  be  saved,  providing  the  mine  is  worked  and 
portions  flushed  with  the  view  of  remining  it.  This  process 
has  been  considered  so  advantageous  that  at  some  particu- 
lar mines  in  our  Northern  coal  field  they  are  now  taking  the 
culm  from  the  old  banks  without  rescreening  to  save  the 
small  sizes,  passing  it  through  rollers  to  grind  up  the  large 
particles,  and  flushing  it  into  the  mine  for  the  purpose  of 
filling  up,  with  the  idea  of  remining  the  pillars  or  pre- 
venting a  squeeze  at  particular  parts  of  the  mine,  and  so  on. 

It  is  quite  likely  that  this  process  will  become  more  and 
more  used  as  the  coal  approaches  exhaustion,  and  especially 
will  this  be  the  case  in  connection  with  the  deep  mines  of 
the  future.     So  that  this  question  of  the  flushing  of  culm 


*  Since  above  was  written  instances  have  been  recorded  where  culm  has 
been  thus  used  successfully  for  stopping  mine  fires.  See  Mines  and  Minerals, 
February,  1900. 
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in  the  mines  may  eventually  be  expanded  to  the  larger 
question  as  to  whether  or  not  it  may  be  advantageous, 
when  facilities  warrant,  to  flush  sand,  loam  and  other 
material  from  the  surface  into  the  mines,  for  the  same  pur- 
pose. In  our  opinion  it  is  quite  likely  that  we  may  ere  long 
see  the  time  when  this  may  be  done  to  advantage  in  par- 
ticular cases. 
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Read  at  the  stated  meeting  held  November  28,  iSgg,  atid  discussed  at  the  stated 
meeting-  held  February  2j,  igoo. 

INCANDESCENT  LAMPS. 


By  Francis  W.  Willcox. 


The  commercial  incandescent  lamp  is  now  in  its  twen- 
tieth year.  In  this  short  period  it  has  grown  from  a  weak- 
ling to  a  giant  of  industry.  The  value  of  the  manufacturing 
lamp  business  of  the  United  States  alone  aggregates  over 
$2,000,000,  with  a  total  production  of  between  15,000,000  and 
20,000,000  lamps  per  year,  and  European  factories  will  swell 
this  total  output  to  over  25,000,000  per  year. 

Assuming  the  value  of  a  lamp  at  20  cents,  we  have  an 
annual  expenditure  of  between  $4,500,000  and  $5,000,000, 
paid  for  this  one  detail  of  electric  lighting — certainly  a  sig- 
nificant index  of  the  great  value  of  the  electric  industry. 

Although  an  apparently  small  detail  of  electric  lighting, 
the  incandescent  lamp  is  the  most  important  part  of  the 
system. 

Some  one  has  well  said  that  the  incandescent  lamp  is  the 
very  soul,  the  essence  of  electric  lighting,  and  it  is  an  evi- 
<3ent  fact  that  electric  lighting  cannot  improve  any  faster 
than  the  art  of  lamp  manufacture  permits^ 

Electric  lighting  waited  for  the  production  by  Edison  of 
-a  successful  incandescent  lamp.  The  improvements  in 
•electric  machinery  and  methods  of  distribution,  the  refined 
results  obtainable  to-day,  have  caused  more  dependence 
than  ever  to  be  placed  upon  the  incandescent  lamp,  and 
have  accentuated  the  need  and  the  importance  of  the  most 
superior  quality  of  lamp  to  secure  the  best  results. 
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The  selling  price  of  good  lamps  has  been  brought  down 
from  $1  apiece  to  an  average  of  18  cents.  This  immense  re- 
duction alone  would  be  a  great  achievement  were  it  not  ren- 
dered still  greater  by  the  great  improvement  in  quality  of 
the  product.  Measured  by  the  standard  of  the  best  lamp  of 
to-day,  sold  for  an  average  price  of  18  cents,  the  lamps  that 
sold  formerly  for  $1  would  be  very  costly  as  a  gift  to  any 
central  station. 

As  we  glance  back  over  the  field  of  development  we  find 
many  features  of  interest,  and  I  propose  this  evening  to  de- 
scribe a  few  of  the  more  important  and  interesting  features 
in  detail,  such,  for  example,  as : 

The  improvements  in  lamp  manufacture. 

The  advance  in  quality  and  change  in  types  and  stand- 
ards of  lamps,  and  the  improvements  in  method  of  supply. 

The  widened  field  of  lamp  use,  and  the  production  of 
special  types  and  forms  for  special  service. 

The  advance  in  methods  of  lamp  testing. 

The  better  understanding  on  the  part  of  purchasers  of 
the  essentials  of  a  lamp  and  of  its  correct  use. 

IMPROVEMENTS   IN    LAMP    MANUFACTURE. 

The  production  of  a  lamp  involves  many  operations,  but 
the  real  essentials  are  four  in  number:  Making  the  filament; 
treating  or  "  flashing  "  the  filament ;  joining  the  filament  to 
the  conducting  connections  ;  and  exhausting  the  lamp.  The 
remaining  processes,  such  as  sealing  in  bulbs,  capping,  etc., 
are  mechanical  and  simple. 

The  early  struggles  with  platinum,  silk,  tamadine  and 
various  natural  fibers,  down  to  the  selection  by  Edison  of 
Japanese  bamboo,  are  well  known.  The  old  bamboo  fila- 
ment had  many  disadvantages.  The  natural  bamboo  could 
not  always  be  obtained  of  uniform  density  and  character. 
The  filaments  were  limited  in  length.  The  production  of 
the  filament  by  the  cutting  and  shaving  of  the  bamboo  sticks 
involved  a  large  amount  of  labor  and  waste  of  material. 

We  now  beat  nature  at  her  own  game.  We  make  a  fiber 
any  length,  size  or  shape,  and  we  make  it  uniform.  We 
mould  cotton  into  a  filament  as  the  brickmaker  makes  his 
bricks,  by  making  a  solution,  moulding  {i.  e.,  squirting  it) 
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into  desired  shape,  then  drying  out  the  solvent  and  baking- 
it. 

With  the  old  bamboo  filament  the  Edison  factory,  for  a 
production  of  20,000  lamps  per  day,  employed  350  people  cut- 
ting liber.  With  twice  this  production  of  lamps,  i.  e.,  40,000 
per  day,  but  twenty-five  people  are  necessary  to  produce  the 
squirted  filaments.  With  the  bamboo  over  90  per  cent,  of 
the  crude  material  was  wasted;  with  the  squirt  filament 
over  95  per  cent,  is  utilized. 

The  treatment  or  flashing  of  filaments  has  always  been 
rightly  considered  a  most  marked  improvement  in  lamp 
manufacture. 

As  is  well  known,  all  lamp  filaments,  after  carbonization, 
are  subjected  to  a  treating  or  depositing  process.  This 
deposition  is  accomplished  by  burning  the  filament  at  high 
incandescence  in  a  chamber  in  the  presence  of  gasoline 
vapor.  The  white-hot  filament  decomposes  the  gasoline 
vapor,  depositing  a  surface  coating  of  graphitic  carbon  over 
the  filament.  It  is  of  interest  to  note  that  the  reasons  for 
its  adoption  no  longer  apply,  and  that  it  is  retained  to-day 
for  other  purposes.     The  early  filaments  were  all  untreated. 

It  was  impossible  then  to  make  filaments  uniform  and 
free  from  uneven  sections  or  points,  and  it  was  ver}?- difficult 
to  cut  the  filaments  to  a  given  resistance.  The  treating 
process  was  devised  to  overcome  these  difficulties.  By  fill- 
ing in  the  uneven  points  with  the  carbon  deposit  the  fila- 
ment was  rendered  uniform.  The  gradual  increase  of 
diameter  through  the  carbon  deposit  allowed  the  resistance 
to  be  decreased  to  any  fixed  amount,  readily  and  accurately. 

The  present  cellulose  filaments  are  made  both  uniform 
and  of  the  desired  resistance,  so  that  treatment  is  not  now 
necessary  for  these  results.  Why,  then,  is  treatment  still 
continued  ?  Because  it  gives  a  hard,  dense  surface  coating 
of  graphitic  carbon, which  is  more  durable  than  the  filament 
base  of  amorphous  carbon,  and  also  because  it  effects  an  in- 
crease in  the  emissivity  of  the  filament.  Consider  the  case  of 
two  filaments,  one  treated,  the  other  untreated,  and  both, 
consuming  the  same  current.  The  surface  coating  of  the 
treated  carbon  acts  to  retain  the  heat,  which  is  radiated  more 
rapidly  from   the  untreated   surface  of  the  other.     This  re- 
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suits  in  raising  the  temperature  of  the  treated  filament  above 
the  untreated,  and  giving  a  higher  candle-power.  This 
means  an  increase  in  efficiency,  since  it  is  evident  that  to 
give  the  same  candle-power  less  power  would  be  required 
by  the  treated  filament. 

The  early  methods  of  treatment  required  that  a  filament 
be  treated  by  steps,  i.  e.,  treat  a  few  seconds,  then  take  out 
and  measure,  and  so  on  until  the  desired  resistance  was 
obtained.  How  crude  this  seems  compared  to  the  present 
automatic  Wheatstone  bridge  arrangement,  which  instantly 
arrests  treatment  when   the  desired  resistance   is  reached. 

This  arrangement  alone  has  reduced  the  employes  to 
one-quarter  of  the  number  formerly  necessary. 

The  progress  in  the  art  of  joining  filament  to  connections 
is  clearly  shown  from  an  examination  of  old  and  present 
lamps.  We  trace  it  through  from  the  early  bolt  and  nut 
clamp  of  Maxim,  the  electro-plated  joint  of  Edison,  down  to 
the  modern  paste  and  deposited  joints — a  marked  advance 
toward  simplicity  and  lessened  cost. 

In  the  exhaustion  of  lamps,  manufacturing  methods  were 
for  a  long  time  slow  of  improvement.  What  was  needed 
was  a  rapid  and  effective  method  of  pumping  that  would 
admit  of  lamps  being  exhausted  singly.  With  mercury 
pumps  to  secure  full  productive  capacity,  it  was  necessary 
to  exhaust  lamps  in  batches  of  50  to  100  at  a  time,  so  that 
lamps  could  not  receive  the  individual  attention  necessary 
to  secure  best  results.  This  same  difficulty  existed  for  a 
long  time  with  mechanical  pumps,  and,  besides,  mechanical 
pumps  could  not  unaided  produce  the  degree  of  exhaustion 
desired.  The  introduction  of  what  is  known  as  the  "  chemi- 
cal "  process  of  exhaustion  marked  an  advance  in  lamp 
manufacture  second  only  to  the  introduction  of  the  cellulose 
filament.  In  this  process  rapidity  is  obtained  by  means  of 
a  special  mechanical  pump,  permitting  the  exhaustion  of 
lamps  one  by  one.  The  refinement  of  the  vacuum  is  accom- 
plished by  a  special  chemical  process.  We  cannot  pump  all 
the  gases  out  of  the  bulb,  so  we  set  a  thief  to  catch  a  thief. 
By  introducing  a  gas  capable  of  combining  with  the  residual 
gases  remaining  in  bulb  we  render  these  gases  innocuous  and 
secure  a  vacuum  of  perfect  insulating  properties.     It  is  this 
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process  that  has  assisted  more  than  any  other  one  thing  in 
the  production  of  a  successful  200-250-volt  lamp,  concerning; 
which  I  have  something  to  say  later. 

The  improvement  in  methods  since  the  early  days  is 
strikingly  shown  in  the  reduction  in  time  of  exhaustion  of 
a  lamp  from  five  hours  to  one  minute. 

In  photometric  work  the  use  of  the  revolving  stand  for 
the  lamps  in  place  of  the  fixed  stand  has  greatly  improved 
the  accuracy  and  certainty  of  measurement.  We  now  obtain 
the  true  mean  horizontal  candle-power  of  each  lamp.  Lamps 
are  now  readily  measured  to  tenths  of  a  candle,  and  the 
duplication  of  readings  to  within  one-quarter  of  a  volt  by 
different  operators  made  a  regular  result. 

Generally  speaking,  methods  and  details  of  execution  of 
the  various  processes  have  been  carried  to  a  high  degree  of 
perfection.  By  the  subdivision  of  processes,  limiting  each 
distinct  operation  to  one  set  of  operators,  by  constant  sys- 
tematic and  rigid  inspection  and  testing  following  each 
operation,  manufacturing  results  have  been  made  far  more 
exact ;  elimination  of  defects  has  been  carried  to  a  remark- 
able degree,  and  the  precision  of  manufacture  of  simple 
mechanical  products  approximated  to  very  closely. 

IMPROVEMENTS   IN   QUALITY, 

The  art  of  lamp  manufacture  is  not  an  exact  one.  The 
same  methods  will  not  always  yield  the  same  results.  Slight 
or  insignificant  changes  in  processes  produce  most  unex- 
pected consequences  and  render  it  specially  difficult  to  locate 
and  remedy  the  cause  of  defects.  The  path  from  cause  to 
effect  is  most  undefined  and  undiscernible.  Starting  any 
improvement  in  a  lamp,  it  requires  a  month  or  six  weeks  of 
testing  by  burning  the  lamps  to  ascertain  the  effects.  All 
the  processes  must  be  exact,  and  the  test  along  rigid  lines, 
as  otherwise  the  effect  of  the  improvement  may  be  masked 
or  even  discounted  by  other  effects.  Trial  must  be  made 
not  of  one  lamp,  but  of  a  large  number,  so  as  to  secure  the 
true'average  results,  and  avoid  being  misled  by  exceptional 
performances.  In  general,  results  are  obtained  only  by  a 
series  of  approximations. 

In  addilion,  the  varieties  of  lamps  required  are  surpris- 
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ingly  large,  so  that  to  the  inexactness  of  the  art  is  added  a 
great  complexit}^  of  product.  Taking  ordinary  multiple 
lighting  lamps  for  central  station  service,  and  omitting  all 
specialties,  we  have  at  least  ten  thousand  varieties  of  lamps 
in  regular  demand,  and  if  we  consider  all  the  special  types 
of  lamps,  miniature  and  battery  lamps,  etc.,  the  actual  varie- 
ties number  over  a  hundred  thousand. 

Still  further  we  must  note  that,  of  any  lot  of  lamps  under 
manufacture,  not  over  one-third  will  come  out  at  the  volt- 
age aimed  for.  This  means,  for  example,  that  to  produce 
10,000  lamps  for  any  given  exact  voltage,  it  is  necessary  to 
make  between  30,000  and  40,000  lamps,  and  then  select  from 
these  the  10,000  lamps  desired. 

These  several  considerations  may  show  something  of  the 
difficulties  that  beset  the  lamp  manufacturer  and  serve  to 
arouse  our  admiration  of  the  advancement  made  in  his  art. 

The  most  notable  advance  is  in  the  matter  of  voltag-e. 
The  early  lamps  were  limited  to  no  volts,  and  on  alternat- 
ing circuits  to  50  volts.  Although  the  jio  volt  range  was 
extended  to  120  volts,  lamps  of  these  voltages  were  very 
unstable  in  candle-power  and  uncertain  as  to  life,  except  at 
very  low  efficiencies,  and  the  50-volt  lamp  was  the  only  lamp 
that  could  give  fairly  satisfactory  results  at  anything  better 
than  4  watts  to  the  candle. 

Improvements  have  materially  changed  this  order  of 
affairs.  The  quality  of  100  to  125-volt  lamps  has  been  ad- 
vanced very  close  to  the  naturally  better  quality  of  the  50-volt 
lamp,  so  that  the  large  difference  in  results  and  performance 
between  50  and  loo-volt  types  no  longer  exist.  The  50-volt 
lamp  was  formerly  twice  as  good  as  the  loo-volt  lamp,  while 
at  present  it  is  but  slightly  more  than  one-quarter  better. 
This,  with  the  better  distribution  afforded  from  lOo-volt 
secondaries,  and  better  regulation  obtainable  with  larger 
transformers,  is  rapidly  causing  the  displacement  of  50-volt 
lamps.  In  a  few  years  the  50-volt  lamp  will  practically  be 
obsolete. 

The  tendency  is  all  the  other  way,  as  the  limits  of  voltage 
of  practical  incandescent  lamps  have  been  extended  to  200 
and  to  250  volts.  These  200-2 50-volt  lamps  have  been  very 
successful.    Over  400,000  of  them  are  now  annually  supplied 
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to  consumers,  and  their  use  is  being  rapidly  extended.  The 
limitation  tQ  the  use  of  200-volt  lamps  is  their  low  efficiency, 
which  is  4  watts  per  candle  or  lower.  At  this  efficiency 
they  compare  with  100-125-volt  lamps  of  3'i  watts  per  can- 
dle, giving  a  useful  life  about  one-third  better.  In  fact,  they 
stand  about  halfway  in  results  given  between  the  3*i-watt 
and  3-5watt  100-125-volt  lamps.  This  difference  of  y',,vvatt 
per  candle,  or  22  per  cent,  more  power  than  the  lOO-volt 
lamp  for  same  results,  weighs  against  the  lamp,  as  it  means 
reduced  light  capacity  of  dynamos  and  engines  and  increased 
consumption  of  fuel  as  well.  The  better  distributing  advan- 
tages of  the  200-volt  system  have  not,  therefore,  been  suffi- 
cient to  cause  a  change  as  yet  in  the  large  direct-current 
central  stations.  * 

It  is  certainly  safe  to  expect  that,  with  the  increased  de- 
mand for  these  high-voltage  lamps  (due  to  the  economies 
of  distribution  of  the  200-volt  system),  concentrated  skill 
and  attention  will  improve  their  quality,  and  bring  them 
nearer  to  the  naturally  better  results  of  lOO-volt  lamps. 
This  would  be  but  repeating  the  history  of  the  50-volt  ver- 
sus the  lOO-volt  lamp. 

The  decision  of  what  voltage  to  adopt  for  a  new  instal- 
lation— 100  or  200— is  a  matter  of  proper  engineering.  As 
far  as  the  incandescent  lamp  is  concerned,  the  choice  of  the 
systems,  as  between  100  and  200  volts,  follows  the  simple 
law  that  interest  on  cost  of  copper  saved  by  200-2 50- volt 
system  over  the  100-125-volt  system  must  be  equal  to  or 
greater  than  the  interest  and  depreciation  on  the  cost  of  the 
extra  capacity  of  machinery  and  copper,  plus  the  annual 
cost  of  extra  power  required  by  200-volt  lamps  over  the 
corresponding  lOO-volt  lamps.  It  has  been  shown  by  the 
writer  {Electrical  World,  October  2,  1897)  that  these  condi- 
tions are  independent  of  the  number  of  lamps  and  depend 
only  on  the  square  of  the  average  distance  from  station  to 
lamps. 

Numerous  inquiries  are  made  as  to  the  prospects  of 
obtaining  a  higher  efficiency  lamp  of  this  type.  The  4- 
watt  lamp  is  so  good,  it  is  said, why  is  not  a  3^-watt  lamp 
possible  ? 
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A  3^-\vatt  200  to  250-volt  lamp  is  practicable.  A  num- 
ber of  such  lamps  have  been  made  and  sent  abroad  and 
used  in  special  installations  in  this  country,  where  they 
have  given  good  results.  The  conditions  are  not  ripe  as 
yet,  however,  for  the  marketing  of  such  a  lamp.  The 
average  200-volt  station  has  not  verj-  close  regulation,  and 
few  such  stations  appreciate  the  correct  principles  of  lamp 
use.  They  compel  their  customers  to  buy  and  supply  the 
lamps  used,  and  as  they  generally  sell  their  current  by  con- 
tract and  not  by  meter,  the  change  to  the  higher  efficiency 
3^-watt  lamp  would  be  a  disadvantage  to  the  consumer  in 
shortening  both  the  useful  and  actual  life  of  his  lamps.  He 
would  most  naturally  complain  and  condemn  the  lamp.  To 
introduce  a  lamp  under  these  conditions  is  most  undesirable. 
Besides  there  are  but  comparatively  few  installations  at 
voltages  other  than  220.  Since  all  lamps  cannot  be  made 
exactly  to  voltage,  this  compels  the  shipment  of  lamps  of 
quite  a  range  of  voltage,  operating  directly  against  good 
life  service  of  a  higher  economy  lamp,  as  close  rating  in 
voltage  is  a  necessity  therefor.  What  is  needed  is  a  num- 
ber of  stations  operating  at  different  voltages  with  close 
regulation — supplying  current  on  meter  with  free  lamp 
renewals.  A  higher  economy  200-volt  lamp  might  then  be 
introduced  and  tried  with  something  like  fair  results. 

These  conditions  will  gradually  grow  and  the  3|-watt 
lamp  with  them.  In  the  meantime  we  may  look,  for  the 
introduction  of  lamps  between  4  and  3^^  watts  economy. 
One  large  station  has  already  arranged  for  a  supply  of  3*8- 
watt  lamps  on  its  200-volt  circuit,  and  it  is  possible  that  this 
economy  will  supplant  the  4-watt  type. 

In  the  economy  or  efficiency  of  ioo-125-volt  lamps  the 
advance  has  been  made  from  5  and  6  watts'  to  3  watts  per  can- 
dle. Surprise  is  frequently  expressed  that  a  higher  economy 
than  3  watts  has  not  been  made  and  put  in  service.  This  sur- 
prise is  natural,  but  shows  a  lack  of  understanding  of  the 
meaning  of  efficiency.  It  is  true  that  the  so-called  3* i -watt 
lamp  has  been  on  the  market  for  some  years,  but  what  was 
the  early  3-i-watt  lamp?  It  was  a  lamp  so  made  as  to  con- 
sume 3*1  watts  per  candle  of  light  at  the  start.  In  a  few 
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hours  it  became  a  3i-watt  lamp  and  ended  a  short  and  inglo- 
rious life  at  below  5  watts  to  the  candle.  Now  a  2^-watt 
lamp  can  be  obtained  to-day  that  will  give  as  good  results  as 
these  early  3T-watt  lamps.  Fortunately,  however,  customers 
have  grown  to  appreciate  good  maintenance  of  candle- 
power,  and  have  learned  that  it  is  the  average  efficiency  of 
a  lamp  and  not  its  initial  efficiency  which  is  the  proper 
measure.  By  the  test  of  average  efficiency  for  the  shortest 
period  of  life  acceptable  to-day — 400  hours — there  is  as  yet 
no  full  3-watt  lamp,  the  average  being  for  the  best  lamps 
to-day  about  3^  watts  per  candle. 

It  is  by  the  comparison  of  average  efficiencies  that  we 
can  best  note  the  improvement  in  lamp  quality.  The 
greatest  advance  has  been  along  this  line,  i.  e.,  the  increase 
in  average  efficiency.  The  early  3-i-watt  lamps  had  an 
average  efficiency  of  about  3*8  watts  per  candle,  and  even 
below  4  watts,  if  we  reckon  results  for  the  long  period 
lamps  were  then  continued  in  service.  To  change  from  3*8 
to  3;^  watts  per  candle  marks,  therefore,  a  most  decided  prog- 
ress. This  has  been  accomplished  not  only  by  improve- 
ments in  manufacture,  but  also  by  the  education  of  light- 
ing companies  to  accept  a  shorter  period  of  service  from 
their  lamps,  and  renew  them  frequently  instead  of  permit- 
ting them  to  burn  until  broken. 

Close  and  uniform  rating  is  one  of  the  chief  essentials 
for  a  lamp,  and  a  distinct  advance  has  been  effected  in  this 
respect.  Early  conditions  with  extreme  voltage  variation 
and  the  absence  of  meters  rendered  it  perhaps  redundant 
to  have  close  candle-power  and  watt  limits.  This  is  a 
noteworthy  instance  where  refinement  of  service  conditions 
has  made  refinement  of  product  a  necessity.  Again  the 
early  installations  were  all  too  largely  established  at  some 
so-called  standard  voltage,  52,  104  and  i  [O.  The  well-known 
inexactness  of  lamp  manufacture  as  to  voltage  was  far 
worse  then  than  now,  so  that  to  ship  his  entire  product  the 
manufacturer  naturally  gave  out  quite  an  assortment  of 
voltages.  Since  that  time  the  importance  of  distributing 
installations  at  various  voltages  has  been  preached  and 
practised,  and  the  overcrowding  of  voltages  like  104  and 
1 5.0  somewhat  relieved. 
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The  adoption  of  a  common  standard  of  candle-power 
among  manufacturers  has  likewise  assisted.  The  time 
when  each  manufacturer  had  a  candle-power  standard  of  his 
own  has  passed.  The  leading  American  companies  are  to- 
day rating  their  lamps  by  the  English  parliamentary  stand- 
ard, taking  the  mean  horizontal  candle-power  of  each  lamp 
when  rotated  at  about  180  revolutions  per  minute. 

The  leading  makers  now  photometer  each  and  every 
lamp,  and  the  practice  of  photometering  a  few  and  picking 
out  the  remainder  by  the  eye  is  past,  or  continued  only  by 
the  small  and  incompetent  factories.  The  result  is  that 
lamps  are  to-day  regularly  supplied  by  the  reliable  manu- 
facturer tested  to  the  quarter  of  a  volt,  no  lamp  varying 
more  than  i  candle  above  or  below  its  rating,  nor  more 
than  6  per  cent,  above  or  below  its  rated  wattage  when 
tested  at  marked  voltage. 

This  close  and  uniform  rating  has  a  most  marked  effect 
in  improvement  of  the  service  the  lamps  give.  With  close 
candle-power  and  total  wattage  rating,  their  ratio,  the 
watts  per  candle,  is  fixed  exact.  This  means  that  all  the 
filaments  burn  at  exactly  the  same  temperature  and  strain. 
It  is  quite  evident  that  evenness  of  this  temperature  or 
strain  will  materially  increase  evenness  of  results  in  the 
life  and  maintained  candle-power  performance. 

Let  me  refer  again  to  the  subject  of  so-called  standard 
voltages.  Although,  as  stated,  there  has  been  some  relief 
from  overcrowding  these  voltages,  conditions  are  as  yet  far 
from  perfect.  Generally  speaking,  customers  who  remain 
at  such  voltages  as  104  or  1 10  or  220  will  invariably  get  the 
poorest  lamps  of  whatever  inake  they  may  purchase.  This 
is  a  fact  that  cannot  be  too  generally  known.  There  are 
more  than  three  times  as  many  no-volt  lamps  used  to-day 
than  are  made.  This  means  that  the  average  customer  who 
orders  no-volt  lamps  gets  lamps  marked  no,  but  really  of 
some  other  voltage  (either  107,  108,  109,  in,  n2  or  n3). 
There  is  no  virtue  in  104,  no  or  220,  and  the  wise  central 
station  manager  is  he  who  changes  his  voltage  to  some 
special  point,  as,  for  example,  107  and  108,  or  n3  and  n4, 
117  and    n8,   122  and   123,  208,    212,    230,    240,    etc.     Such 
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changes  can  be  and  have  been  made  with  comparative  ease 
even  on  the  largest  installations. 

The  standard  lamp  of  this  country  is  the  16  candle-power 
lamp — in  Europe  the  8.  In  the  last  two  or  three  years  the 
demand  for  lamps  of  lower  candle-power,  10,  8,  6  and  even 
4,  has  grown  very  large.  This  has  been  due  to  enforced 
competition  for  residence  lighting,  to  the  adoption  of  meters 
and  to  sign  and  decorative  lighting.  As  a  general  principle 
in  lighting,  a  number  of  small  units  can  be  distributed  to 
give  a  better  illuminating  effect  than  an  equivalent  ca"ndle- 
power  in  larger,  and,  therefore,  fewer  units.  Thus,  sixteen  8 
candle-power  lamps  distributed  will  give  better  results  than 
eight  16  candle-power  lamps.  For  many  locations  a  16  candle- 
power  lamp  is  too  large  a  unit.  Electric  light  must  com- 
pete with  gas,  which  is  quite  largely  used  turned  down. 
These  are  some  among  many  reasons  why  the  lower  candle- 
power  lamps,  such  as  the  8  candle-power,  should  be  more 
largely  used  and  perhaps  become  the  standard  in  place  of 
the  16.  The  difficulty  is  that  an  8  candle-power  lamp  can- 
not be  made  which  at  the  same  efficiency  will  give  results 
equal  in  either  life  or  maintained  candle-power  performance 
to  the  16  candle-power.  This  is  due  to  the  naturall}^  thinner 
and  more  delicate  8  candle-power  filament.  This  results  in 
the  use  of  8  candle-power  lamps  of  lower  economies  than 
that  of  the  16  candle-power  in  use,  unless  shorter  life  and 
reduced  candle-power  performance  are  to  be  accepted.  The 
alternative  of  shorter  life  could  be  adopted  to  advantage  by 
many  central  stations  who  to-day  retain  their  16  candle- 
power  lamps  too  long-in  service. 

The  quality  of  the  8  candle  power  lamps,  formerly  very 
poor,  has,  however,  in  the  last  two  years  been  materially 
advanced,  so  that  it  is  not  much  below  100  hours  short  of 
the  16  candle-power  lamp  in  useful  life.  This  is  under  per- 
fect voltage  conditions.  As  in  service  such  conditions  are 
but  seldom  realized,  8  candle-power  lamps  will  not  appear 
to  quite  such  advantage. 

In  physical  respects  the  modern  lamp  appears  to  most 
marked  advantage  in  comparison  with  the  early  types. 
The   bulbs    then    blown    free-hand,   of    varying  sizes    and 
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shapes,  are  now  replaced  by  the  moulded  bulb  of  exact  size 
to  the  die.  The  long  concave  neck  has  given  place  to  the 
short-neck  straight-sided  bulb  of  less  obtrusive  and  more 
practical  character. 

The  filaments  have  been  symmetrically  shaped,  giving 
an  artistic  effect  and  increasing  the  spherical  candle-power 
(with  the  same  mean  horizontal).  The  filaments  are  an- 
chored or  so  supported  that  there  is  no  drooping.  The 
inside  parts  are  all  accurately  gauged  and  placed,  so  that 
each  lamp  is  the  exact  counterpart  of  any  other  in  respect 
to  all  its  details. 

In  early  days  every  manufacturer  of  a  new  system  had 
to  have  a  special  socket  and  lamp  base.  There  were  no  less 
than  thirteen  different  types  of  bases  in  this  country  alone, 
and  in  Europe  about  as  many  more  varieties.  This  natu- 
rally multiplied  the  types  of  lamps  very  greatly,  and  was  a 
great  burden  to  both  manufacturer  and  customer.  Simpli- 
fication has  progressed  so  far  already  in  this  matter  that 
there  are  to-day  in  this  country  practically  only  three  bases, 
the  Edison,  Thomson-Houston  and  Westinghouse.  The 
tendency  is  strongly  towards  a  still  further  reduction  to 
one,  i.  e.,  the  Edison.  This  is  a  pure  case  of  survival  of  the 
fittest.  The  Westinghouse  base  and  socket  have,  as  is  well 
known,  the  grave  faults  of  poor  and  uncertain  contacts, 
which  are  aggravated  by  use.  The  Thomson-Houston,  while 
perhaps  a  good  socket,  is  one  of  the  most  troublesome  of 
bases.  The  screwing  of  a  Thomson-Houston  base  in  its 
socket  acts  to  tear  it  apart  (the  reverse  of  the  Edison,  where 
the  result  is  a  binding  action  holding  the  parts  together) ; 
the  contacts  are  very  close  together,  and  are  liable  to  arcing 
and  short-circuiting.  The  Thomson- Houston  base  is  also 
qomplex  and  expensive.  It  has  three  or  four  parts  to  two 
for  the  Edison,  and  costs  about  i  cent  a  piece  more.  On 
this  account  there  is  an  extra  charge  of  i  cent  per  lamp  on 
all  Thomson-Houston  base  lamps,  and  this  is  operating 
effectually  and  gradually  to  render  the  Thomson-Houston 
base  obsolete.  This  change  is  helped  by  an  adapter,  fur- 
nished by  the  General  Electric  Compan3%  which,  by  simplj' 
screwing  in  the  socket,  changes  it  from  a  Thomson-Houston 
to  the  Edison  type. 
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This  change  to  one  standard  base  will  require  some 
time,  however,  as  there  are  still  a  large  number  of  both 
Westinghouse  and  Thomson-Houston  in  use,  and  the  change 
of  the  Westinghouse  requiring  a  complete  replacement  of 
sockets  is  costly  and  troublesome.  Roughl}^  estimated,  the 
proportion  of  the  different  sockets  in  use  in  the  United 
States  is  as  follows  : 

Per  Cent. 

Edison 55 

Thomson-Houston 25 

Weslingliouse ^5 

All  oilier  types 5 
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Fig.  I. — Curves  showing  ten  years'  improvement  in  candle-power  performance 
of  3'i-watt  incandescent  lamps. 

The  only  real  objection  to  the  Edison  base  was  the  live 
contact  exposed  by  the  portion  of  the  shell  part  of  base 
extending  outside  of  socket.  This  has  been  corrected  by 
shortening  the  shell,  so  that  socket  entirely  covers  base. 
The  use  of  porcelain  marks  the  greatest  improvement  in 
bases — the  Thomson-Houston  base  is  now  made  entirely 
of  porcelain  with  metal  contacts. 

The  improvement  in  average  efficiency  to  which  I  have 
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referred  concerns  the  candle-power  performance.  Such  a 
notable  advance  has  been  made  in  this  respect,  however, 
that  it  will  be  of  interest  to  speak  of  it  again  in  another 
way. 

In  diagram.  Fig.  /,  we  have  two  curves — the  lower  one 
shows  the  candle-power  performance  by  hours  of  burning 
for  the  early  3*i-watt  lamps,  and  the  upper  one  the  present 
lamp  of  same  make.  The  early  lamp  reaches  80  per  cent, 
of  16  candle-power,  the  comparison  basis,  at  200  hours, 
and  the  present  lamp  at  450  hours. 

Such  lamps  as  give  a  result  'like  these  early  ones  no 
station  could  afford  to-day  to  use,  at  less  than  half  the  price 
of  the  present  best  ones. 

A  word  or  two  about  the  improved  methods  of  supply. 
Lamps  are  now  purchased  by  all  large  users  on  what  is 
known  as  the  future  delivery  system.  On  this  plan  the 
customer  places  his  order  for  his  year  needs,  specified  as  to 
types  desired,  with  the  manufacturer,  and  lamps  are  shipped 
to  him*thereon  during  the  year  as  he  needs  them.  This 
system  has  proved  of  inestimable  value  to  both  manufac- 
turer and  customer.  It  permits  the  manufacturer  to  run 
his  factory  uniformly  through  the  year,  avoiding  the  old 
conditions  of  heavy  rush  production  in  the  fall  and  winter 
and  the  reduced  output  of  summer.  It  allows  the  accumu- 
lation of  the  requisite  stocks  for  prompt  shipments  during 
the  rush  season.  It  guides  the  manufacturer  as  to  the 
classes  and  types  of  lamps  desired  and  the  number  of  each, 
and  thus  enables  him  to  avoid  producing  dead  stock.  In 
early  days  the  dead  stock  ,  accumulated  through  lack  of 
knowledge  of  requirements  was  tremendous.  Many  thou- 
sands of  lamps  that  could  not  be  sold  had  to  be  annually 
broken  up. 

The  economies  of  this  future  delivery  system  secure  the 
customer  a  special  price.  It  is  not  too  much  to  say  that  the 
future  delivery  system  is  the  mainstay  of  the  lamp  business 
to-day.  It  would  be  impossible  to  supply  the  high-grade 
closely-rated  product  sold  to-day  at  the  present  low  prices 
without  future  delivery  orders  from  the  consumers. 

[  To  he  concIudedP\ 
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CHKIMICAL     SKCTPION. 

stated  Meeting,  held  January  16,  igoo. 

RACEMISM. 


By  Robert  Hart  Bradbury. 


I.   HISTORICAL. 

In  1824  Liebig  completed  in  Gay-Lussac's  laboratory  an 
investigation  of  the  fulminates.  Shortly  before,  Wohler, 
working  in  the  laboratory  of  Berzelius,  had  brought  to  a 
close  a  series  of  analyses  of  the  cyanates.  When  comparing 
his  results  with  those  of  Wohler,  Liebig  was  surprised  to 
perceive  that  the  composition  of  the  two  classes  of  sub- 
stances was  the  same.  At  first  he  assumed  that  Wohler's 
results  were  incorrect  and  carefully  repeated  the  latter's 
work,  without  however  detecting  any  error.  Thus  Wohler 
and  he  were  driven  to  admit  that  it  was  possible  for  two 
substances  of  the  same  composition  to  possess  absolutely 
different  properties,  but  this  conclusion  was  not  at  once 
admitted  by  other  chemists.  Then  followed,  in  1825,  the  dis- 
covery by  Faraday  of  benzene,  erroneously  supposed  to  be 
identical  in  composition  with  ethylene.  Tartaric  acid  had 
been  known  since  1769,  when  Scheele,  and  after  him  Ret- 
zius,  obtained  it  by  the  decomposition  of  calcium  tartrate  by 
sulphuric  acid,  and  racemic  acid  had  been  discovered  by 
Kestner,  and  investigated  in  1826  by  Gay-Lussac,  who  found 
that  it  required  the  same  amount  of  alkali  for  neutralization 
as  tartaric  acid,  and  in  1830  by  Berzelius,  who  satisfied  him- 
self of  the  complete  identity  of  the  two  in  composition  and 
supposed,  incorrectly,  that  they  possessed  the  same  mole- 
cular weight.  In  his  account  of  the  progress  of  chemical 
science  during  the  year,  he  admits  the  existence  of  the  phe- 
nomenon and  proposes  for  it  the  name  now  in  use.*  He 
refers  to  the  work  of  Liebig  and  Wohler,  and  of  Faraday,  to 
the  results  of  Clarke  in  phosphoric   and  metaphosphoric 

'^^^XT'^XMS,  Jahresbericht,  xi,  44  (1831). 


300  Bradbury:  [j.  F.  I., 

acid,  where  the  supposed  identity  of  composition  was  erron- 
eous, to  his  own  investigations  of  the  two  stannic  acids,  and 
finally  to  racemic  acid,  which  he  considered  a  decisive 
example.  He  suggests,  as  an  explanation,  that  compounds 
differing  in  this  way,  since  the  atoms  are  the  same  in  num- 
ber and  kind,  must  possess  different  atomic  arrangement, 
and  adds  that  the  discovery  of  Mitscherlich,  that  substances 
may  contain  different  atoms  and  still  crystallize  in  the  same 
way,  must  now  be  supplemented  by  the  fact  that  the  same 
atomic  complex  may  give  rise  to  different  crystallizations  if 
the  arrangement  of  the  atoms  is  different.  It  is  remarkable 
that  the  decisive  example  which  caused  Berzelius  to  admit 
the  possibility  of  isomerism  and  to  suggest  a  structural 
explanation  should  have  been  a  case  of  that  subtle  kind 
where  the  explanation  fails,  and  a  spatial  extension  of  the 
doctrine  of  atomic  linking  is  necessary. 

In  1848  Pasteur  published  his  beautiful  researches  on  the 
tartaric  acids.  The  passage  in  which  he  announces  his  chief 
result  is  so  germane  to  our  present  subject  and  of  such  great 
historical  interest  that  I  shall  translate  it.* 

"  I  found  that  all  the  tartrates  crystallize  with  hemihedral 
faces.  In  studying  the  double  racemate  of  sodium  and  am- 
monium I  noticed  that  these  faces  were  differently  placed 
in  different  crystals,  sometimes  at  the  right,  sometimes  at 
the  left.  I  separated  with  care  the  right  hand  from  the  left- 
hand  crystals  and  observed  the  solutions  separately  in  the 
polariscope.  With  surprise  and  pleasure  I  saw  that  the 
solution  from  the  right-hand  crystals  turned  the  plane  to 
the  right,  that  from  the  left-hand  crystals  to  the  left.  Thus, 
starting  from  racemic  acid  I  obtain  in  the  usual  way  the 
sodium  ammonium  racemate,  and  the  solution  deposits, 
after  some  days,  crystals  which  are  alike  in  appearance  and 
possess  the  same  angles  and  yet,  most  certainly,  the  mole- 
cular arrangement  of  the  two  must  be  entirely  different. 
The  two  species  of  crystals  are  isomorphous  with  each  other 
and  with  the  corresponding  tartrates ;  each  is  the  mirrored 

■*Pasteur,  Annales  de  Chiiii.  et  dc  P/iys.,  third  series,  xxiv,  442  ;  xxviii,  50. 
Also  Compies  Reiidus,  xxiii,  535  ;  xxix,  297  ;  xxxi,  4S0. 
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image  of  the  other.  In  fact,  if,  in  both  species,  I  suppose 
the  hemihedral  faces  prolonged  until  they  meet,  I  obtain 
two  tetrahedra  which  are  unsuperposable,  and  one  of  which 
is  the  reflection  of  the  other.  It  was  very  important  to 
investigate  if,  in  the  crystallization  of  the  substance,  there 
was  deposited  for  each  dextro-rotatory  molecule,  a  Isevo- 
rotatory  molecule.  Experiment  leaves  no  doubt  that  this 
is  the  case. 

"  When  the  crystals  are  simply  dissolved,  without  any 
selection,  the  solution  is  inactive,  and  the  fact  that  equal 
quantities  of  the  two  salts  are  deposited  is  clear  from  the 
inactivity  of  the  mother  liquor."  He  prepared  dextro-  and 
laevo-  neutral  sodium  tartrates  from  the  corresponding 
crystals  of  the  sodium  ammonium  salts,  and  finally  obtained 
from  each  sodium  ammonium  salt  its  corresponding  barium 
salt,  and,  decomposing  these  with  sulphuric  acid,  prepared 
dextro-  and  laevo-tartaric  acids. 

In  the  first  paper  the  identity  of  the  dextro-acid  with 
ordinary  tartaric  acid  is  expressed  with  reserve.  Having 
obtained  from  Kestner,  its  discoverer,  a  large  quantity  of 
racemic  acid,  he  returned  to  the  subject  in  a  paper  published 
two  years  later,  and  established  beyond  doubt  this  con- 
clusion, as  well  as  the  extraordinary  resemblance  between 
the  dextro-  and  the  laevo-acid.  In  crystalline  form  the  two 
are  identical,  except  for  the  enantiomorphism  already 
referred  to.  On  the  right-hand  crystals  the  left-hand  hemi- 
hedral faces  are  sometimes  absent,  but  more  commonly 
present  in  imperfect  state  of  development.  Very  rarely 
both  sets  of  faces  are  completely  developed  in  the  same 
crystal,  so  that  the  asymmetry  is  only  evinced  in  its  action 
on  polarized  light.  Their  density  and  chemical  composition 
are  identical.  Both  kinds  of  crystals  are  electrically  excited 
when  heated  or  cooled.  When  the  dextro-crystals  are 
cooled  the  end  containing  the  hemihedral  faces  becomes 
the  positive  pole  ;  when  heated,  the  negative.  This  same 
statement  applies  to  the  laevo-crystals.  The  rotatory  power 
of  both  is  the  same,  but  is  exerted  in  opposite  directions, 
and  this  is  true  for  light  of  every  wave-length,  so  that  the 
rotatory  dispersion  of  dextro-tartaric  acid,  studied  by  Biot, 
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is  found  unchanged  in  the  solutions  of  the  laevo-acid.  The 
rotatory  power  of  both  is  decreased  with  falling  tempera- 
ture to  an  equal  extent.  This  suggested  to  Pasteur  a  curi- 
ous experiment.  Since  the  solution  of  dextro-tartaric 
acid  differs  from  that  of  the  laevo-acid  only  in  the  sense 
of  the  rotation,  and  since  the  amount  of  the  rotation 
is  decreased  by  cooling,  it  occurred  to  him  that  it  might, 
by  cooling,  be  transformed  into  the  laevo-acid,  which 
would  then  unite  with  the  unchanged  dextro-acid  to  pro- 
duce racemic  acid.  Of  course  the  result  was  negative. 
The  possibility  that  racemic  acid  was  a  mixture  occurred 
to  him.  With  the  criteria  at  hand  at  that  time  the  distinc- 
tion between  mixture  and  compound  in  such  an  extremely 
subtle  case  was  a  difficult  one;  nevertheless,  he  arrived  at 
the  correct  conclusion.  When  the  solutions  of  dextro-  and 
laevo-sodium  ammonium  tartrates  are  separately  treated 
with  a  soluble  calcium  salt  no  precipitate  is  produced  at 
once,  but  there  appear  slowly  crystals  of  the  two  tartrates, 
which  are  exactly  similar  in  the  two  cases.  But  when  the 
solutions  are  mixed  and  then  the  calcium  salt  added,  there 
is  immediately  formed  a  precipitate  of  calcium  racemate, 
in  small  plates,  or  an  amorphous  powder.  From  this  he 
concluded  that  racemic  acid  was  a  compound.  Pasteur 
found  that,  in  general,  the  two  optical  isomers  remained 
combined  in  the  various  salts,  and  when  the  salts  were 
crystallized. 

The  behavior  of  the  sodium  ammonium  salt  was  excep- 
tional, and  the  only  other  racemate  which  he  found  to  sep- 
arate into  the  single  tartrates  when  crystallized  was  the 
isomorphous  sodium  potassium  salt.  The  determining  in- 
fluence of  solubility  and,  through  it,  of  temperature  on  the 
separation,  escaped  him.  This  is  the  classical  case  of  optical 
isomerism,  and  it  has  been  found  since  that  many  of  Pas- 
teur's statements  are  equally  true  in  similar  cases,  and  that 
dextro-  and    laevo-tartaric    acids — the    two    antimeres  *  as 


*This  convenient  term  is  due,  I  believe,  to  Lachmann:  Cf.  "Spirit  of 
Organic  Chemistry,"  p.  127.  For  convenience  I  shall  also  use  the  term  enan- 
tiomorph,  though  it  is  not  accurate. 
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we  shall  call  them,  and  racemic  acid,  the  inactive  compound 
of  the  two — are  typical  examples  of  a  whole  class  of  sub- 
stances. It  is  now  in  order  to  inquire  to  what  extent  Pas- 
teur's results  are  of  general  application. 

II.  THE  NATURE  OF  THE  PHENOMENON. 

At  present  the  discussion  is  restricted  to  those  compounds 
which  rotate  the  plane  of  polarization  in  uncrystallized 
condition,  that  is,  when  they  exist  as  liquids  or  vapors,  or 
in  solution.  This  phenomenon  has  thus  far  been  observed 
only  among  the  compounds  of  carbon,  and  only  in  those 
which  contain  a  carbon  atom  whose  four  valences  are  satis- 
fied by  four  different  atoms  or  radicles,  an  asymmetric 
carbon  atom.  A  further  structural  condition  which  must 
be  fulfilled  is  that  at  least  one  of  the  valences  of  the  asym- 
metric C  must  be  linked  directly  to  carbon,  or  the  mole- 
cule must  contain  the  group 

a 

I       I 
b— C— Co— 

I  r 

d 

where  a,  b  and  d  may  be  anything,  so  long  as  they  are  not 

alike  and  Co —  is  a  monovalent  radicle  whose  carbon  atom 

is  linked   directly  to    the   asymmetric    carbon    atom.     The 

simplest  compound,  structurally,  in  which  optical  isomerism 

has  been  observed  is  chlor-brom-fluo-acetic  acid. 

CI 

I 
Br— C— COoH  * 

F 
When  chlor-di-brom  acetyl  chloride  is  treated  with  a  mixture 
of  antimony  trifluoride  and  bromine,  the  liuoranhydride  of 
the  acid,  ClFBrC — COP,  a  very  volatile  liquid,  is  produced. 
By  the  action  of  alcohol,  the  F  combined  with  carbonyl  is 
readily  replaced  by  ethoxyl,  yielding  the  ethyl  ester  of  the 
acid. 

*  Swarts,  Bull,  de  I'Acad.  de  Belg.,  31,  28. 
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CI 

Br— C— COOC..H, 

I 
F 

and  this  is  easily  saponified  by  bases.  The  acid  is  a  syrupy 
hygroscopic  liquid  :  all  of  its  salts  are  soluble  in  water. 
The  str)"chnine  and  cinchonine  salts  can  be  separated  into 
isomers  of  different  rotatory  power,  and  this  shows  the  exis- 
tence of  optical  isomerism  in  the  acid.  By  heating  the 
sodium  or  potassium  salt  with  caustic  potash  or  soda  chlor- 
brom-fluo-methane  is  obtained.  If  this  proves  to  exhibit 
optical  isomerism,  it  will  furnish  the  simplest  conceivable 
case,  and  we  shall  have  to  drop  the  second  structural  con- 
dition.    It  has  not  yet  been  investigated  in  this  respect. 

If  the  asymmetric  combination  is  situated  in  a  ring  it 
can  still  produce  optical  isomerism,  provided  that  the  as- 
pects which  the  ring  presents  to  the  two  valences  of  the 
atom  in  question  are  different. 

Of  course,  if  the  ring  had  a  plane  of  symmetry  passing 
through  the  carbon  atom,  the  latter  would  not  be  asym- 
metric. Thus  Ladenburg's  beautiful  synthesis  of  conine 
from  a  picoline  and  paraldehyde,  followed  by  reduction  of 
the  product,*  has  shown  it  to  be  o.  n-propyl  piperidine. 


ICH3         I  ICH^CH  — CH3       CH„  I  ICH  — C3H7 


Emil  Fischer  is  undoubtedly  right  in  his  contention  that 
the  proofs  Ladenburg  advances  for  the  racemic  character 
of  liquid  synthetic  conine  are  quite  inconclusive,!  but  this 
does  not  affect  the  fact  that  optical  isomerism  exists  in  the 
case.  The  doctrine  of  the  tetrahedral  arrangement  in  space 
of  the    atoms  or  radicles  attached   to  Ci  has  become  one 


*  Liebig's  Annalen,  ccxlvii,  8r. 
"^  Berichte,  xxvii,  1525,  3224. 

i  Le  Bell,  Bull,  de  la  Soc.  Chimique,  second  series,  xxii,  337. 
Van't  Hoflf,  lb  ,  second  series,  xxiii,  295. 
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of  the  commonplaces  of  chemical  theory,  and  it  is  unne- 
cessary here  to  do  more  than  refer  to  the  fact  that  this 
natural  extension  of  the  structural  idea  has  furnished  a  very 
satisfactory  explanation  of  the  matter.*  When,  therefore, 
the  structural  peculiarity  just  noticed  is  present  in  the 
molecule,  the  existence  of  optical  isomers  is  to  be  expected, 
and  the  two  compounds  are  found  to  exhibit  an  astounding 
resemblance  which  extends  to  many  of  the  minutest  details 
of  chemical  and  phj^sical  behavior.  The  most  conspicuous 
difference  is  the  rotatory  power, which  is  equal  in  amount  but 
opposite  in   sense.f     Differences  exist  in  their  relations  to 

*  The  stereo-chemistry  of  nitrogen  cannot  be  discussed  in  the  present  pa- 
per. But  it  is  desirable  to  point  out  that  very  recent  results  indicate  that  the 
presence  of  pentavalent  nitrogen  united  to  five  different  radicles  can  produce 
molecular  asymmetry  quite  analogous  to  that  conditioned  by  the  carbon  atom. 
Eight  years  ago  Le  Bel  announced  the  optical  activity  of  methyl-ethyl  propyl- 
isobutyl  ammonium  chloride 

N(CH3)(C,H5).(C3H,)(C,H,)C1. 

His  results  have  recently  been  sharply  questioned  by  Marckwald  and  von 
Droste-Huelshoff  {Berichie,  xxxii,  560  (^1899)),  but  Le  Bel  has  replied,  giving 
details  and  maintaining  the  correctness  of  his  observations  {Comptes  Rendiis, 
cxxix,  548).  Still  more  recently  Pope  and  Peachey  have  announced  the  prep- 
aration of  dextro-  and  laevo-benzyl-phenyl-allyl-methyl  ammonium  iodide  and 

bromide,  e.g., 

N(CHXeH5)(CeH5)(C3H5)(CH3)I. 

» 

The  results  indicate  that  the  pure  antimeres  have  equal  and  opposite  rota- 
tory power,  so  that  so  far  the  analogy  of  the  phenomena  to  those  of  the 
asymmetric  carbon  atom  is  complete  [Jour.  Chcni.  Soc,  xv,  192). 

t  The  subject  of  the  variation  in  rotatory  power  with  the  conditions  under 
which  the  substance  is  placed  lies  outside  the  scope  of  the  present  paper.  But 
it  is  necessary  to  remark  that  in  order  for  the  antimeres  to  exhibit  equal  and 
opposed  rotatory  power  they  must  be  rigorously  under  the  same  conditions, 
and,  so  far  as  we  know  at  present,  interpolations  and  especially  extrapolations 
from  observations  made  at  other  temperatures  and  concentrations  are  abso- 
lutely inadmissible,  for  with  the  variation  of  these  conditions  the  rotatory 
power  changes  its  amount  and  even  its  sign.  The  character  of  the  solvent  and 
the  presence  of  various  inactive  substances  in  the  same  liquid  also  affect  it 
profoundly.  The  effect  of  the  solvent  ceases  to  be  surprising  when  we  con- 
sider the  very  different  conditions  in  which  the  same  dissolved  substance  may 
exist  in  different  liquids.  It  is  not  astonishing  that  the  ions  should  rotate  dif- 
ferently from  the  undissociated  molecule,  and  this  in  turn  from  the  double 
molecule.  Here  are  some  of  the  facts,  mostly  from  the  extremely  interesting 
paper  of  Walden{Beric/iie,  xxxii,  2849  (1899)).  The  rotation  of  aqueous  solutions 
Vol.  CXLIX.     No.  892.  20 
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other  asymmetric  substances.  Thus,  if  the  substances  in 
question  are  acids  they  will  combine  with  the  same  asym- 
metric base  with  different  speeds,  and  the  two  salts  will 
possess  different  solubilities. 

The  enantiomorphous  crystallization  of  the  antimeres 
has  been  erected  into  an  article  of  faith,  partly  because  of 
the  simplicity  and  beauty  of  the  conception  and  partly  be- 
cause it  harmonizes  well  with  modern  views  of  crystalline 
structure.*  But  the  facts  are  completely  opposed  to  such  a 
generalization.  It  has  just  been  noticed  that  even  in  Pas- 
teur's typical  case  the  enantiomorphism  is  only  of  occa- 
sional occurrence.  And,  over  the  whole  field,  the  number 
of  optical  isomerides  which  do  not  crystallize  enantiomor- 
phously,  and  must  be  ranked  as  exceptions,  is  greater  than 
that  of  those  which  obey  the  rule.f  It  is,  of  course,  possi- 
ble to  assume  that  all  of  the  innumerable  exceptions  will 
be  found  to  be  enantiomorphous,  but  this  is  a  most  inad- 
missible procedure.  Since  the  optical  activity  of  the  two 
antimeres  is  equal  and  opposite,  it  is  clear  that  a  solution 
containing  both  in  equal  quantity  will  produce  no  rotation. 
The  substance  containing  both  in  equal  quantities,  merely 
mixed,  is  called  the  inactive  mixture.  It  is  an  ordinary 
mechanical  mixture,  and   derives  its  importance  from  the 

of  ordinary  d-tartaric  acid  becomes  less  with  increasing  concentration,  and 
very  strong  solutions  are  l^evo-rotatory.  So,  also,  is  the  anhydrous  substance. 
Dilute  solutions  in  water  of  ordinary  natural  malic  acid  are  Itevo-rotatory, 
but  with  increasing  percentage  the  activity  decreases,  the  solution  becomes 
inactive  and  finally  dextro-rotatory.  The  same  malic  acid  is  Itevo-rotatory  in 
water,  acetone,  acetaldehyde,  isobutyl  alcohol,  acetophenone  and  most  other 
solvents,  but  dextro-rotatory  in  benzyl  alcohol  and  in  mixtures  of  the  latter 
with  benzene  and  carbon  disulphide.  Its  strong  solution  in  anhydrous  formic 
acid  is  feebly  Isevo-rotatory  at  ordinary  temperatures,  and  feebly  dextro-rota- 
tory at  o°.  Fused  malic  acid  is  hevo-rotatory  at  moderately  elevated  temper- 
atures, but  at  about  40°  the  optical  activity  changes  sign,  and  with  further 
cooling  the  substance  becomes  increasingly  dextro-rotatory.  It  will  be  seen 
from  these  facts  that  the  decision  which  acid  to  name  dextro-  and  which  laevo- 
is  not  so  exceedingly  eas}'  as  it  might  appear  at  first  glance.  Fortunatelj'  the 
fundamental  contention  that  under  the  same  circumstances  the  optical  activity 
of  the  two  antimeres  is  equal  and  opposite  remains  entirely  undisturbed. 

*  Even  van't  Ho ff  falls  into  this  error.  "  Vorlesungen  iiber  Theoret. 
Chemie,"  ii,  98  (1899). 

tWalden,  Berichie,  xxix,  1693. 
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frequency  with  which  it  is  obtained  in  chemical  operations. 
The  enantiomorphs  being  perfectly  symmetrical,  their 
chances  of  being  produced  in  a  symmetrical  synthesis  are 
equal.  Hence  the  products  of  a  synthesis  in  which  a  car- 
bon atom  becomes  asymmetric  are  inactive,  and  the  isomer- 
ism is  only  evident  when  the  antimeres  are  separated. 

The  existence  of  a  racemic  compound  of  the  two  anti- 
meres appears  to  be  a  general  phenomenon.  This  is  per- 
fectly distinct  from  the  mixture,  being  a  homogeneous 
chemical  substance,  whose  density,  crystalline  form,  solu- 
bility, etc.,  are  different  from  those  of  the  antimeres.  It  is 
universally  held  that  it  possesses  double  the  molecular 
weight,  racemic  acid,  for  example,  being  written  (C4H606)2, 
and  corresponding  formulas  set  up  for  the  racemates,  but  it 
is  impossible  to  find  any  basis  for  this  belief.  It  is,  in  fact, 
impossible  to  determine  the  molecular  weight  of  a  racemic 
compound,  for  our  methods  of  determining  molecular  weight 
are  valid  only  for  solutions,  gases  and  vapors,  and  when  ap- 
plied to  racemic  compounds,  the  result  obtained  always 
corresponds  to  the  simple  molecular  weight  of  one  antimere, 
so  that  we  must  assume  that  they  dissociate  into  the 
enantiomorphs  when  vaporized  or  dissolved. 

The  same  conclusion  is  arrived  at  from  the  study  of  the 
physical  properties  of  their  solutions  and  from  the  fact  that 
solutions  of  the  antimeres  exhibit  no  evolution  or  absorp- 
tion of  heat  when  mixed.* 

The  question  regarding  the  existence  of  racemic  com- 
pounds in  the  liquid  state  is  entirely  an  open  one,  and  I 
know  of  no  facts  which  forbid  our  making  the  assumption, 
tentatively  at  least,  that  they  exist  only  in   the  solid  state. 

Kiister  t  has  attempted  to  show  that  the  solubility 
relations  can  be  best  explained  by  the  assumption  that 
the  racemic  compound  exists  in  solution.  But  the  solu- 
bility of  a  racemic  compound  is  an  extremely  complex 
phenomenon  and  is  affected  by  a  number  of  factors,  among 
which  are  the  number  of  racemic  molecules  in  the  solution, 


*Jahti,  "Wiedemann's  Annaleu,"  xliii,  306  (1891). 
-\  Berichte,  xxxi,  1847  (1898). 
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the  extent  to  which  the  racemic  molecules  are  electrolyti- 
cally  dissociated  and  the  extent  to  which  the  antimeres  are 
ionized.  Further,  if  one  works  with  the  pure  racemic  com- 
pound, and  the  antimeres  are  not  present  as  solid  phases, 
the  possibility  of  supersaturation  with  respect  to  them 
must  be  kept  in  mind.  Such  considerations,  therefore,  as 
Roozeboom  has  remarked,  are  valid  onh'  for  ver}-  slightly 
soluble  substances. 

The  recent  death  of  the  3^oung  Italian  chemist,  Andreocci, 
left  unfinished  an  interesting  investigation  of  the  tribolu- 
minescence  of  racemoid  and  antimeric  forms.* 

Triboluminescence  is  simply  the  flash  of  light  which  is 
emitted  at  the  time  the  crystalline  structure  is  destroyed, 
either  by  grinding  or  splitting.  The  work  must  be  done  in 
complete  darkness.  The  conclusions  cannot  be  regarded  as 
of  universal  validity,  since  they  were  obtained  purely  by 
experiments  on  the  santonine  derivatives  and  elsewhere  dif- 
ferent relations  may  prevail.  The  general  results  are  these. 
Optically  active  substances  are  not  necessarily  tribolumines- 
cent ;  some  exhibit  the  phenomenon  intensel}^  others  feebly, 
others  still,  not  at  all.  All  the  well-characterized  antimeres 
examined  were  triboluminescent,  and  the  isomers  are  just 
as  similar  here  as  they  are  in  all  other  respects,  giving  out 
exactly  the  same  kind  of  light  when  crushed.  The  light  is 
yellowish-green  or  emerald  green.  Racemic  compounds 
never  exhibit  the  phenomenon.  Partially  racemic  com- 
pounds may  be  triboluminescent.t 

Regarding  the  conditions  under  which  the  antimeres 
unite  to  produce  the  racemic  form,  some  generalizations 
are  at  hand.  It  is  clear  thermodynamically  that  if  the 
isomers  unite  with  evolution  of  heat,  their  compound  will  be 
decomposed  by  heat  and  that  they  will  reunite  on  cooling, 
while  if  they  unite  with  absorption  of  heat  the  reverse  will 
be  true.  Man}^  cases  of  both  are  known.  Further,  a  racemic 
compound  is  simply  a  double  salt,  though  a  double  salt  of  a 
very  special  kind,  and  the  views  that  have  proved  useful  in 

^^  Gaz.  Chitnica  Italiana,  xxix,  519. 

t  The  phenomena  of  partial  racemism  will  be  discussed  later. 
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dealing  with  double  salts  in  general  are  applicable  here. 
For  some  time  it  has  been  evident  that  in  a  system  in  which 
a  double  salt  exists  only  as  solid  phase  the  direction  of  the 
charge  at  the  inversion  point  can  be  foretold  if  we  know  the 
amounts  of  water  of  crystallization  in  the  double  salt  and 
in  the  component  single  salts.  It  is  found  that  if  the 
double  salt  is  poorer  in  water  than  the  single  salts  taken 
together,  it  is  formed  from  the  single  salts  on  heating ;  if  it 
contains  more  water,  the  reverse  is  true.^^  This  is  just  as 
true  of  racemic  compounds  as  it  is  of  other  double  salts.f 
Thus  racemic  ammonium  malate  separates  at  73°  into  the 
dextro  and  laevo  isomers.  Below  this  temperature  the 
racemic  form  is  stable ;  above  it,  the  separate  salts.  Now 
the  antimeres  are  anhydrous  and  the  racemic  form,  if  we  use 
the  conventional  double  molecule,  crystallizes  with  two 
molecules  of  water.     Hence  the  reaction  is 

(C4H505NH4)22HoO  =  d.C.H.ANH,  +  l-CHANH^  +  2H,0, 

the  change  taking  place  with  elimination  of  two  molecules 
of  water.  On  the  other  hand,  when  a  mixture  of  the  dextro- 
and  laevo-sodium  ammonium  tartrates  is  heated  to  27°  the 
racemate  is  produced,  thus 

d-C4H,OeNaNH,.4H,0  -f  l-C4H,06NaNH,.4H20 
=-  (C4HAiNaNH,),2Ho  +  6HA 

six  molecules  of  water  being  set  free  as  a  result.  It  seems 
that  the  production  of  the  racemic  form  is  accompanied  in 
general  by  a  decrease  in  volume.  This  statement  is  called 
Liebisch's  rule,  and  is  expressed  in  the  following  form  : 

"  Die  Verbindung  der  optisch  isomeren  Korper  zu  einer 
krystallisierten  racemischen  Verbindung  findet  unter  Con- 
traction statt."  Walden  concludes,  from  the  examination 
of  a  large  amount  of  material,  that  it  is  applicable  to  all 
cases  thus  far  studied.^ 

There  is  at  present  no  relation  connecting  the  melting 
point  of  a  compound  with  those  of  its  constituents,  and  this 

*  Bancroft,  "  The  Phase  Rule,"  p.  180  (1897). 
t  Van't  Hoff,  Berichte,  xxxii,  857  (1S99). 
X  Berichte,  xxix,  1693  (1896). 


3IO  Bradbury:  [J.  F.  I.. 

is  true  also  of  the  compounds  composed  of  optical  isomers. 
The  racemic  derivative  is  simply  a  new  form  of  matter,  with 
its  own  melting  point,  which  ma}^  be  higher  or  lower  than 
that  of  its  constituents. 

It  is  to  be  remembered  that  the  antimeres  have  the  same 
melting  point.  The  cases  mentioned  b)'  Walden  in  which 
the  racemic  form  has  the  same  melting  point  as  its  two  con- 
stituents are  certainly  very  surprising,  but  they  can  hardly 
be  more  than  accidental.  The  most  natural  supposition  is 
tfiat  these  substances  were  in  reality  mix-crystals,  or  solid 
solutions,  in  which  case  they  would  possibly,  though  not 
necessarily,  behave  in  this  way ;  but  this  assumption  is  con- 
tradicted by  the  fact  that  they  possessed  a  distinctly  dif- 
ferent crystalline  form  from  that  of  the  antimeres.  Melting 
point  determinations  of  these  substances  are  much  compli- 
cated by  the  possibility  of  change  of  crystalline  form  on 
heating — these  compounds  seem  to  exhibit  polymorphism 
with  unusual  frequency — and,  on  the  whole,  as  we  shall  see, 
the  determination  of  the  melting  point  has  little  or  no  diag- 
nostic value. 

The  phenomena  when  the  racemic  form  is  produced  from 
the  antimeres,  or  separates  into  them,  are  nearly  those  of 
the  formation  and  separation  of  double  salts.  The  chief 
difference  is  that  the  precisely  equal  solubility  of  the  two 
isomers  at  all  temperatures  very  greatly  simplifies  matters. 
Systems  in  which  a  double  salt  is  possible  will,  in  general, 
contain  three  components,  the  two  single  salts  and  the  sol- 
vent, usually  water.*  Five  phases  will  completely  deter- 
mine the  system ;  three  solid  substances,  solution  and  vapor, 
for  example.  For  our  purpose  the  complications  introduced 
by  the  presence  of  different  amounts  of  water  of  crystalliza- 
tion can  be  neglected,  and  the  only  solid  phases  we  need 
consider  are  the  two  component  salts  and  the  double  salt 

*  The  Gibbs  Phase  Rule  and  the  associated  deductions  furnish  the  only- 
point  of  view  from  which  the  passage  from  the  antimeres  to  the  racemic  form 
and  reversely  can  be  properly  regarded.  It  is,  of  course,  impossible  to  dis- 
cuss this  extensive  subject  in  the  present  paper.  The  only  complete  account 
of  the  matter,  fortunately  an  excellent  one,  is  by  Bancroft — "The  Phase 
Rule"  (Ithaca,  1897). 
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formed  from  them.  The  phase  rule  informs  us  that  the 
presence  of  these  three  solids  in  equilibrium  with  solution 
and  vapor  will  occur  at  an  inversion  point.  An  inversion 
is  a  state  of  things  analogous  to  the  equilibrium  of  ice, 
liquid  water  and  water  vapor.  The  phases  can  only  co- 
exist in  equilibrium  at  one  particular  temperature,  and 
the  addition  or  subtraction  of  heat  will  produce  no  altera- 
tion in  temperature  until  it  has  brought  about  the  dis- 
appearance of  one  or  more  of  the  phases.  When,  for  ex- 
ample, the  double  salt  schonite  is  cooled  slowly  in  contact 
with  its  saturated  solution,  the  thermometer  remains  sta- 
tionary at  —  3°  until  the  reaction:* 

K2Mg(S04),>6H20  +  H2O.  =  KoSO^  +  MgSO^/H^O 

is  complete,  i.  e.,  until  the  solid  phasft  schonite  has  dis- 
appeared. And  when  the  mixture  of  potassium  and  mag- 
nesium sulphates  is  again  allowed  to  heat,  the  thermometer 
again  remains  stationary  until  the  reverse  change. 

K.,S04  -h  MgS0^7H.O  -:  KoMg(SO,),6H,,0  -f  H.O 

is  over,  and  the  two  single  salts  as  solid  phases  have  dis- 
appeared. It  will  be  perceived  that  the  thermometer  fur- 
nishes one  method  of  locating  the  inversion  point.  Another 
is  given  by  the  dilatometer.  This  consists  essentially  of  a 
bulb  ending  in  a  capillary  tube.  The  bulb  contains  an  inti- 
mate mixture  of  the  two  component  salts,  or  else  the 
powdered  double  salt,  and  the  interstices  of  the  powder  and 
a  portion  of  the  capillary  tube  are  filled  with  some  liquid 
which  is  assumed  to  have  no  effect  on  the  process,  c.  g., 
petroleum.  If  the  apparatus  is  very  slowly  heated  there 
will  be  the  usual  expansion,  shown  by  a  slow  rise  of  the  oil 
column,  but  when  the  point  is  reached  at  which  the  double 
salt  splits  up,  or  is  formed,  as  the  case  m^y  be,  a  change  of 
volume  due  to  the  chemical  reaction  in  the  bulb,  a  change 
of  a  higher  order  of  magnitude  than  the  thermal  volume 
changes,  will  appear.  This  may  be  either  positive  or  nega- 
tive, and  its  appearance  locates  the  temperature  in  question. 

*  Van't  Hoff,  Vorlesungen  uber  Theoret.  Ghent.,  i,  76  (1898). 
Bancroft,  "  The  Phase  Rule,"  p.  165  (1S97). 
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In  the  practical  use  of  this  apparatus  it  must  be  re- 
membered that  the  impossibility  of  heating  the  system 
above  the  inversion  point,  until  the  change  has  occurred, 
refers  only  to  the  impossibility  of  the  existence  of  the  same 
system  in  stable  equilibrium  on  both  sides  of  the  inversion 
point.  It  is  true  without  modification  of  one  physical 
change,  the  melting  point  of  a  solid,  for  a  solid  cannot  be 
heated  above  its  melting  point,  but  in  chemical  changes 
the  slowness  of  the  change  and  the  possibility  of  unstable 
equilibrium  complicate  matters,  and  the  statement  applies 
only  to  the  ideal  limiting  case  where  the  heat  supply  is  so 
slow  that  all  of  it  can  be  consumed  by  the  chemical  change. 
Nevertheless,  if  the  heating  be  sufficiently  slow,  the  dilato- 
meter  will  show  a  very  noticeable  maximum  of  alteration  of 
volume  in  the  neighborhood  of  the  inversion  point.  Then 
the  temperature  in  question  can  be  accurately  fixed  in  a 
somewhat  different  way.  Let  us  assume  that  the  double 
salt  is  formed  from  its  constituent  single  salts  in  presence 
of  the  saturated  solution  with  absorption  of  heat  and  sepa- 
ration of  water  of  crystallization.  Then  it  will  be  produced 
from  them  on  heating,  and  below  the  inversion  point  the 
two  single  salts  will  be  in  stable  equilibrium  with  the  solu- 
tion as  solid  phases,  above  it  the  double  salt.  If  the  proper 
precaution  to  avoid  supersaturation  with  respect  to  the 
double  salt  is  taken,  its  formation  will  begin  at  the  inversion 
point.  But  since  the  change  occurs  slowly  it  will  in  gene- 
ral be  possible  to  heat  the  system  containing  the  three  solid 
phases  above  the  inversion  point.  Here  the  system  cannot 
be  in  equilibrium,  and  the  change  of  the  single  salts  into 
the  double  salt  will  occur.  In  the  same  way  it  will  be 
possible  to  cool  the  system  below  the  inversion  point,  but 
here  the  direction*  of  the  change  will  be  reversed,  and  the 
double  salt  will  decompose.  For  the  sake  of  definiteness 
let  us  make  the  purely  arbitrary  assumption  that  when  the 
double  salt  is  produced  expansion  takes  place.  Then  it  is 
evident  that  at  any  temperature  above  the  inversion  point 
the  level  of  the  oil  will  rise,  at  any  temperature  below  it 
will  sink.  These  changes  are  easily  distinguished  from 
thermal   volume   changes,   since    they  continue  when   the 
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apparatus  is  maintained  at  a  fixed  temperature,  which,  of 
course,  is  not  the  case  with  ordinary  expansion  and  con- 
traction. Practically,  therefore,  the  inversion  point  is  the 
point  at  which  the  volume  alteration  changes  its  sign. 

Much  of  our  knowledge  of  this  subject  is  due  to  Van't 
Hoff,  and  we  owe  to  him  also  the  proof  that  the  formation 
and  separation  of  racemic  compounds  are  in  all  respects  to 
be  classed  with  ordinary  double  salt  phenomena.*  The 
reaction  investigated  was  the  classical  one,  the  transforma- 
tion of  dextro-  and  Isevo-sodium  ammonium  tartrates  into 
the  racemate  : 

2C,H,06NaNH,.4HoO  =  (C4HANaNH4)o2HoO  +  6H0O. 

Since  the  racemate  is  formed  with  separation  of  water,  we 
should  expect  it  to  be  produced  on  heating.  Little  had 
been  done  since  the  time  of  Pasteur  to  clear  up  the  nature 
of  the  change.  Bichat  had  speculated  obscurely  about  the 
influence  of  "  germs  "  from  the  atmosphere — the  "  germs  " 
in  question  being  minute  crystals  or  dust  promoting  crys- 
tallization— and  had  shown  that  in  sealed  tubes  the  phe- 
nomena were  irregular.  Wyrouboff,t  in  a  remarkable  paper, 
had  pointed  out  clearly  that  temperature  was  the  determin- 
ing factor,  and  was  so  through  its  different  effect  upon  the 
solubility  of  the  racemate  and  the  single  tartrates.  He 
remarks  that  if  one  evaporates  the  solution  of  the  mixed  tar- 
trates in  the  usual  way,  that  which  crystallizes  will  be  the 
substance  least  soluble  at  the  temperature.  Above  28°  the 
racemate  is  always  obtained ;  below,  the  single  tartrates. 

The  only  function  of  the  "  germs  "  is  to  exclude  super- 
saturation,  which  may  play  a  disturbing  role  when  one 
works  in  sealed  tubes.  In  the  work  of  Van't  Hoff  and 
Van  Deventer,  the  change  in  question  was,  for  the  first 
time,  studied  from  the  same  standpoint  as  the  behavior  of 
other  double  salt  reactions.  The  results  which  interest  us 
are  these : 


*  Van't  Hoff  and  Van  Deventer,  Zeitschrift  fiir  Physikal.   Chem.,  i,    173 
(1887). 

t  Comptes  Rendus,  cii,  627  (1886). 
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(i)  Powdered  sodium  ammonium  racemate,  mixed  with 
water  to  a  thin  paste  under  27°,  solidifies  completely  to  a 
dry  mass  of  the  single  tartrates.  Over  27°,  this  does  not 
occur. 

(2)  The  finely  powdered  mixture  of  the  two  tartrates 
remains  completely  unaltered  under  27°.  Above  this  tem- 
perature the  formation  of  the  racemate  occurs  and  the  free 
water  .produces  liquefaction. 

(3)  The  inversion  temperature  can  be  more  accurately 
estimated  by  the  dilatometer.  Between  267°  and  277°  there 
is  a  great  expansion,  partial  liquefaction  occurs  and  the 
monoclinic  crystals  of  the  racemate  can  be  plainly  seen.* 

\_To  be  concluded^ 


CORRESPONDENCE. 


WHAT    IS    PARIAXITE? 
A  CORRECTIOX   BY   DR.   ENDEMANX. 

Editor  of  the  Journal  oj  the  Fraitklin  Institiitc. 

Dear  Sir  : — I  desire  to  correct  a  misstatement  which  appears  iu  Dr.  Kel- 
ler's contribution  to  the  discussion  of  Professor  Peckham's  paper  in  the  March 
impression  of  the  Journal.  This  error  is  due  either  to  mj'  misunderstanding 
of  a  question  or  to  a  misapprehension  on  the  part  of  Dr.  Keller. 

I  understood  him  to  ask  whether  I  had  made  any  efforts  to  isolate  com- 
pounds of  definite  composition  from  the  petrolenes,  and  answered  negatively. 

As  the  report  of  the  meeting  reads,  it  would  seem  that  I  had  made  no 
efforts  to  isolate  compounds  of  definite  composition  from  asphalt  generally. 

As  it  is,  I  have  neglected  the  pe.trolenes  altogether,  these  being  the  sub- 
ordinate portion  of  asphalt.  Asphalt  differs  from  petroleum  by  reason  of  the 
predominating  presence  of  solids.  In  examining  the  solids  of  asphalts,  I 
have  done  all  my  work,  and  have  made  not  only  efforts  to  isolate,  but  I  think 
I  have  isolated,  compounds  as  far  as  it  is  possible  at  the  present  time,  for  I 
have  never  j-et  been  able  to  produce  a  crystalline  compound. 

Very  truly  yours, 

H.   Endemaxx. 

New  York,  March  14,  1900. 


*  There  is  here  no  conflict  with  Liebisch's  rule.     It  is  the  water  split  oflf 
which  produces  the  expansion. 


Apr.,  1900.]  Book  Notices.  315 

BOOK  NOTICES. 


Legons  surl'Eledndte,  professees  a  I'lnstitut  Montefiore.  Par  Eric  Gerard, 
Directeur  de  I'lnstitut  electrotechnique  Montefiore.  6'"  edition,  2  volumes 
grand  in-8.  1899-1900.  (Paris  :  Librairie  Gauthier-Villars.  Prix  de 
chaque  volume  :  12  francs.) 

The  circumstance  that  a  work  has  reached  its  sixth  edition  within  a  few 
years  is,  of  itself,  fairly  good  evidence  that  it  has  a  raison  d'etre.  Aside 
from  this  generalization,  the  work  is  fairl}'  representative  of  the  present  theory 
and  practice  of  electricity.  The  work  is  printed  in  two  volumes,  the  first 
devoted  to  the  theory  of  electricity  and  the  modes  of  its  production  ;  and 
the  second  to  the  industrial  applications  of  electricity  based  on  the  mechani- 
cal, luminous,  calorific  and  chemical  effects  of  the  electric  current. 

The  second  volume  is  the  subject  of  this  notice.  The  author  appears  to 
have  omitted  nothing  in  this  edition  that  is  necessary  to  bring  his  work  up  to 
date.  W. 


Encyclopedie  scientifique  des  Aide-Memoirc.     Small  Svo.     Paris  :  Gauthier- 
Villars.     1899.     Price,  per  volume,  2.50  francs  in  paper  ;  3  francs  in  cloth. 

Since  the  last  notice  of  this  valuable  series  of  hand-books  for  engineers, 
the  following  volumes  have  been  issued  from  the  press.  The  entire  series 
forms  an  exceedingly  compact  body  of  reference  literature  on  almost  every 
scientific  and  technical  topic  now  engaging  attention.  The  authors  are 
generally  men  of  note  in  their  specialties,  and  their  works  appear  to  be  well 
brought  up  to  date.  W. 

Seyrig  ( T.),  Ingenieur-Constructeur.  Statique  graphique  des  systemes  tri- 
angules.     I.  Exposes  theoriques.     II.  Exnnples  d' applications. 

Vigneron  {E.),  ancien  Professeur  al'Ecole  superieure  d'Electricite,  Ing^- 
nieur  au  Service  technique  de  la  C"  generale  des  Omnibus,  et  Letheule  (P.), 
Ingenieur  a  la  C'  Thomson-Houston.  Mesures  electriques.  Essais  dc  labora- 
toire. 

Goure  dc  Villetnontee,  ancien  Eleve  de  I'Ecole  Normale  superieure,  etc. 
Resistance  electrique  et  fluidite. 

Mitict  {Adolp/ie),  Ingenieur,  Directeur  du  journal  L' Electrochimie. 
Analyses  electrolytiques. 

Lefevre  {Jiilien),  Professeur  a  I'Ecole  des  Sciences  et  a  I'Ecole  de  Mede- 
cine  de  Nantes.     La  liquefaction  des  gaz  et  ses  applications. 

Niezvenglocvski '\G.  H.^,  Preparateur  a  la  Faculte  des  Sciences  de  Paris, 
Directeur  du  journal  La  Photographic.  Applications  de  la  Photographic  aux 
Arts  industriels. 

Daries  {Georges),  Conducteur  au  Service  des  Eaux  de  Paris.  Calcul  des 
canaux  et  aqueducs. 

Pozzi-Escot  {31.  E.),  Chimiste,  Redacteur  au  " Prat icien  industriel,"  etc. 
Analyse  chimique  qualitative. 

Laurent  {P.),  Ingenieur  au  Polygone  du  Hoc.  Resistance  des  bouches  a 
feu. 

Leloutre  {G.),  Ingenieur  civil.     L'echappement  dans  les  machines. 
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S^PfOceedings  of  the  stated  vieetine;  held  Wednesday^  March  21,  /poo.] 

Hai.i.  ok  the  Frankwn  Institute, 
Philadelphia,  March  21,  1900. 

Vice-President  Theo.  D.  Rand  took  the  chair  at  8  o'clock  p.m. 

Present,  42  members  and  visitors. 

Additions  to  membership  since  last  report,  29. 

A  communication  was  read  from  Mr.  Howard  B.  French,  accepting  election 
to  the  Board  of  Managers. 

Mr.  A.  L.  Hahl,  of  Chicago,  exhibited  and  described  his  pneumatic  time- 
controlling  and  distributing  system,  illustrating  the  subject  with  the  aid  of 
one  of  his  synchronizing  master-clocks  controlling  a  number  of  clock-dials 
connected  therewith. 

The  Secretary,  in  his  report,  called  attention  to  the  arrangements  which 
had  been  made  in  the  interest  of  members  desiring  to  visit  the  World's  Fair 
shortly  to  be  opened  in  Paris  ;  also,  to  the  total  solar  eclipse,  to  take  place  on 
May  28,  1900,  and  which  will  afford  residents  of  the  eastern  portion  of  the 
United  States  a  convenient  opportunity  for  observation,  the  path  of  totality 
being  in  about  the  latitude  of  Norfolk,  Va.  It  was  also  stated  that  the  Phy- 
sical and  Astronomical  and  the  Photographic  Sections  of  the  Institute  would 
probably  take  steps,  at  the  proper  time,  to  arrange  for  an  excursion  of  their 
members  and  of  the  members  of  the  Institute  generally  to  witness  the  occur- 
rence, and  probably  to  unite  with  other  scientific  bodies  in  the  work  of  obser- 
vation. 

Adjourned.  Wm.  H.  Wahl, 

Secretary. 


COMMITTEE  on  SCIENCE  and  the  ARTS. 


^Abstract  of  proceedmgs  of  the  stated    meeting  held  JVednesday,   March 

7, 1  goo.  ] 

Mr.  Wm.  Penn  Evans  in  the  chair. 

The  following  reports  were  adopted  : 

Water- Heater  for  Range  Boilers. — Adam  Heller,  Baltimore,  Md. 

Abstract. — This  device  is  designed  for  heating  the  water  contained  in  ver- 
tical circulating  boilers  attached  to  water-backs  of  kitchen  ranges,  when  no 
fire  is  in  the  range.  It  consists  of  a  flat  cylindrical  gas  burner  of  the  Bunsen 
type,  having  on  its  upper  surface  numerous  gas  jets.  One  side  of  the  burner 
chamber  has  a  radial  slot  extending  to  the  center  to  allow  the  burner  to  be 
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placed  under  the  boiler,  the  slot  encircling  the  central  pipe  usually  attached 
to  the  lower  head  of  such  boilers,  and  the  burner  is  fastened  to  the  pipe  by  a 
simple  form  of  clamp.  The  burner  is,  of  course,  connected  suitably  with 
the  gas  supply. 

The  report  finds  that  while  other  inventors  have  attached  closed  vessels  to 
either  the  circulating  boiler  or  to  its  connecting  pipes,  these  appear  to  have 
invariably  required  alterations  of  either  pipes  or  boiler,  and  that  Mr.  Heller ' 
appears  to  be  the  first  to  accomplish  the  desired  result  with  a  device  requir- 
ing no  such  alterations.  The  device  is  pronounced  to  be  new,  convenient  and 
useful,  and  the  applicant  is  awarded  the  Certificate  of  Merit.  \_Sub-Cofniiiittee, 
Spencer  Fullerton,  Chairman  ;  Frank  P.  Brown.] 

Respiration  Calorimeter. — A.  O.  Atw-ater  and  E.  B.  Rosa,  Middletown, 
Conn. 

Abstract. — The  object  of  this  apparatus  is  to  measure  the  energy  of  food 
and  its  metabolism  in  the  human  body^in  other  words,  to  permit  of  the 
exact  study  of  the  income  and  outgo  of  food  in  the  animal  organism  and  the 
energy  generated  thereby. 

Reserved  for  publication  in  full. 

The  report  recommends  the  award  of  the  Elliott  Cresson  Medal  to  Pro- 
fessors Atwater  and  Rosa,  and  makes  honorable  mention  of  Dr.  F.  G.  Bene- 
dict, Mr.  A.  W.  Smith,  Mr.  O.  S.  Blakeslee,  Mr.  A.  P.  Bryant  and  Dr.  O.  T. 
Tower.  {^Sub-Committee,  Prof.  H.  W.  Wiley,  Chairman  ;  Prof.  Geo.  F. 
Stradling  and  Dr.  Robt.  H.  Thurston.] 

Pneumatic  System  for  Prevent  i?tg  the  Bursting  of  Water-Pipes  by  Freez- 
ing.— N.  Monroe  Hopkins,  Washington,  D.  C. 

Abstract. — This  inventibn  involves  the  application  to  a  house  water-sup- 
ply line  of  an  automatically -operating  air  injector,  situated  usuallj'  where  the 
service  pipe  enters  the  building,  and  which  admits  air  to  the  pipes  every  time 
a  faucet  is  opened  ;  and  in  connection  therewith,  a  series  of  air-domes,  intro- 
duced at  regular  intervals  along  the  line,  wherever  the  pipes  are  exposed  to 
liability  of  dangerous  expansion  frotn  freezing  during  cold  weather. 

After  giving  the  results  of  a  series  of  comparative  experiments  made  with 
lengths  of  water  pipes  protected  with  the  Hopkins  device,  and  unprotected,  by 
exposing  them  to  freezing  by  exposure  in  cold  weather,  and  in  an  artificial 
freezing  mixture,  which  resulted  uniformly  in  the  bursting  of  the  unprotected 
pipes,  while  that  provided  with  the  Hopkins  device  escaped  injury,  the  re- 
port concludes  that  the  Hopkins  device  has  great  merit,  and  is  of  great 
importance.  The  Scott  award  is  recommended  to  the  inventor.  {Sub-Com- 
iftittee,  J.  J.  De  Kinder,  Chairman  ;  John  W.  Edmundson,  Frank  P.  Brown.] 

Stereoscopic  Camera. — John  G.  Baker,  Philadelphia. 

Abstract. — This  apparatus  consists  of  a  camera  of  ordinary  construction 
and  long  extension,  to  which  the  inventor  has  added  various  attachments  and 
devices  to  adapt  it  specially  for  the  work  of  making  stereoscopic  photographs 
of  insects  and  similar  objects  which  are  too  large  to  be  photographed  success- 
fully, by  attaching  a  camera  to  the  ordinary  microscope,  yet  not  large  enough 
to  permit  of  the  employment  of  an  ordinar}-  stereoscopic  camera. 
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The  report  concludes  that  the  apparatus  shows  considerable  ingenuity  of 
adaptation,  and  that  the  photographs  of  insects  obtained  with  the  Baker 
camera  with  little  trouble  prove  it  to  be  admirably  adapted  for  the  special 
work  for  which  it  is  intended.  {^Sub-Committee ,  F.  E.  Ives,  Chairman  ;  W. 
N.  Jennings,  Louis  E.  Levy.] 

Portable  Photometer. — Charles  Desbler  and  Edwin  J.  McAllister,  Newark, 
N.J. 

Abstract. — This  instrument  consists  of  a  Bunsen  or  grease-spot  screen, 
mounted  above  a  scale  which  is  divided  to  read  candle-powers.  At  one  end  of 
the  instrument  is  placed  a  standard  i6  candle-pow'er  incandescent  lamp,  with 
a  rheostat  for  controlling  the  voltage  at  the  lamp  terminals,  and  suitable  con- 
nections for  a  voltmeter  and  an  ammeter.  At  the  other  end  is  placed  an  oil 
lamp  of  about  32  candle-power,  which  is  used  as  the  working  standard. 

The  photometer  is  used  as  follows  :  Having  placed  the  standard  incandes- 
cent lamp  in  its  socket  and  brought  it  to  its  marked  voltage,  the  screen  is 
placed  at  16  on  the  scale  and  the  oil  lamp  is  adjusted  until  the  grease  spots 
disappear  or  balance.  The  oil  lamp  then  becomes  the  working  or  secondary 
standard. 

The  lamps  to  be  measured  are  now  substituted  for  the  standard  incandes- 
cent lamp,  and  the  candle-power  read  directlj'  in  the  usual  way.  The  use  of 
the  oil  lamp  in  place  of  an  incandescent  obviates  the  use  of  two  voltmeters. 

The  lamp  to  be  measured  is  supported  on  a  spindle  which  is  provided  with 
mercury  cups  to  make  electrical  connections  to  the  lamp.  In  one  form  of  the 
instrument  the  spindle  is  rotated  either  with  a  spring  motor  or  an  electric 
motor. 

The  apparatus  is  made  in  three  sections,  so  devised  as  to  pack  together  in 
a  case,  making  a  very  portable  arrangement,  by  which  commercial  or  mean 
horizontal  candle-powers  may  be  obtained  by  direct  reading. 

The  novel  features  of  the  instrument  have  reference  to  the  arrangement 
of  its  parts  and  not  to  the  use  of  the  secondary  standard,  which  has  been 
known  and  used  previously. 

The  report  finds  the  instrument  to  be  well  adapted  for  its  intended  purpose. 
The  inventors  are  awarded  the  Edward  Longstreth  Medal  of  IMerit.  {Sub- 
Committee,  Arthur  J.  Rowland,  Chairman  ;  Geo.  F.  Stradling,  D.  Anson 
Partridge,  Francis  Head.] 

The  following  reports  passed  first  reading  : 

Electric  Meter. — Wm.  D.  Marks,  Philadelphia. 

Press  for  Baling  Cotton,  etc. — Geo.  A.  Lowry,  Chicago,  111. 

Round-Lap  Baling  System,  for  Cotton. — American  Cotton  Co.,  New  York. 

Improi'enients  in  Steam  Injectors. — Strickland  L.  Kneass,  Philadelphia. 

Railfoint. — Harry  Vellenoweth,  Philadelphia. 

These  were  held  under  advisement  for  one  month. 

The  following  reports  were  made  advisory  and  adopted  : 

Electrical  S:i'itc/i. — Paul  A.  Medary,  Cynwyd,  Penna. 
Hydraulic  Air-Compressor. — Albert  A.  E.  Sterzing,  New  York. 
Improvement  in  Valves. — ^Joseph  F.  Batchelor,  Philadelphia. 

W. 
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SECTIONS. 


Section  of  Photography  and  Microscopy. — The  first  stated  meeting 
of  the  Section  was  held  on  Tuesday,  March  6th.  Dr.  Henry  LefiFmann  in  the 
chair. 

Present,  55  members  and  visitors. 

The  questions  of  adopting  a  code  of  regulations  and  nominations  for  offi- 
cers were  referred  to  the  Executive  Committee,  with  instructions  to  report  at 
the  next  stated  meeting. 

Dr.  Leffmann  addressed  the  meeting  on  the  "  Theories  of  Photographic 
Development."  He  pointed  out  that  most  of  the  modern  developers  in 
photography  are  benzene  derivatives,  and  partake  of  the  character  of  that 
substance  in  being  rather  difficult  of  complete  oxidation,  and  hence  exer- 
cised restricted  reducing  action.  The  localization  of  the  deposited  silver 
upon  the  impressed  portions  of  the  latent  image  may  be  due  to  the  difference 
in  electric  potential  owing  to  the  disturbance  in  the  homogeneity  of  the  film. 
This  condition  naturally  establishes  a  polarity  which  would  cause  a  selective 
deposition  of  the  silver. 

Mr.  F.  E.  Ives  followed  with  a  description  of  the  practical  remedies  for 
the  difficulties  encountered  from  under-  and  over-exposure. 

Mr.  John  G.  Baker  exhibited  and  described  an  ingenious  apparatus  for 
determining  the  time  of  shutter  exposure. 

A  general  discussion  followed  on  methods  of  preparing  lantern  slides. 

F.  W.  Sawyer, 

Secretary. 

Mechaxical  and  Engineering  Section. — Stated  Meeting,  Thursday, 
March  Sth.     Mr.  Wifred  Lewis  in  the  chair. 

Present,  32  members  and  visitors. 

The  following  officers  were  elected  for  the  current  year  :  President,  John 
F.  RowlanH,  Jr.;  Vice-Presidents,  Arthur  Falkenau,  Spencer  Fullerton  ; 
Secretary,  Daniel  Epplesheimer  ;  Conservator,  Dr.  Wahl. 

The  subject  for  discussion  was  "  Portable  Machine  Tools,"  and  was  opened 
by  Horace  G.  Hoadley,  of  Waterbury,  Conn.  Mr.  Hoadley  exhibited  and  de- 
scribed several  improved  forms  of  portable  tools  made  by  the  Waterbury  Tool 
Company,  notably  an  improved  form  of  "ratchet  drill  for  drilling  in  close 
places  where  no  other  ratchet  can  be  used  for  lack  of  room  for  the  movement 
of  the  handle.  He  also  showed  and  described  a  portable  tool  for  screwing  up 
and  unscrewing  nuts  in  similar  situations. 

Mr.  James  Christie  spoke  of  the  great  utility  of  portable  pneumatic  tools 
in  modern  shop  practice  and  of  the  great  development  of  the  manufacture  of 
tools  of  this  class.  He  gave  some  account  of  his  experience  with  electrically- 
driven  tools  for  similar  uses,  and  of  the  difficulties  he  had  encountered  in  the 
attempt  to  make  serviceable  tools  of  that  class. 

Mr.  \V.  R.  Webster  gave  a  brief  account  of  his  experience  in  attempting 
to  devise  a  practical  pneumatic  riveter. 
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Mr.  J.  Logan  Fitts  and  Mr,  Spencer  Fullerton  spoke  in  general  terms  of 
the  relative  importance  of  the  several  classes  of  portable  tools  in  erection 
and  repair  work.  W. 

Mining  and  Metallurgicai.  Section. — Stated  Meeting,  held  Wednes- 
day, March  14th.     Mr.  Joseph  Richards  in  the  chair. 

Present,  26  members  and  visitors. 

The  evening  was  devoted  to  the  discussion  of  the  paper  read  last  spring  by 
Mr.  Paul  Kreuzpointner,  of  Altoona,  Pa.,  entitled  "Riddles  Wrought  in 
Iron  and  Steel,"  in  which  the  author  set  forth  a  number  of  contradictory  and 
apparently  inexplicable  anomalies  encountered  in  the  manipulation  of  these 
metals. 

The  discussion  was  opened  by  Mr.  Wm.  R.  Webster,  who  urged,  in  answer 
to  some  of  the  difficulties  raised  by  the  author  in  connection  with  the  heat 
treatment  of  steel,  that  they  are  readily  comprehensible  and  manageable  when 
all  the  data  are  known.  t 

Mr.  A.  E.  Outerbridge,  Jr.,  followed  with  some  remarks  upon  the  heat 
treatment  of  cast  iron,  in  the  course  of  which  he  made  the  announcement 
that,  contrary  to  the  usually  accepted  opinion,  this  alloy  is  materially  weak- 
ened by  annealing,  and  can  be  hardened,  like  steel,  by  rapid  cooling.  The 
weakening  the  speaker  attributes  to  the  change  of  the  carbon  of  the  alloy 
from  the  combined  to  the  graphitic  state.  His  experiments  were  made  on 
soft  gray  iron. 

Messrs.  James  Christie,  Asa  W.  Whitney,  Francis  Schumann  and  the  Chair- 
man joined  in  the  discussion,  and  a  number  of  contributions  were  received 
by  letter.     The  paper  and  discussion  will  be  published  in  full  in  the  Journal. 

G.  H.  Clamer, 

Secretary. 

Chemical  Section,  Electrical  Section,  Physical  and  Astronomi- 
cal Section.— A  joint  meeting  of  the  three  sections  was  held  on  Tuesday 
evening,  March  20th,  at  8  o'clock. 

Present,  64  members  and  visitors. 

Dr.  W.  J.  Williams  in  the  chair. 

The  meeting  was  devoted  to  the  presentation  of  a  paper  entitled  "  Experi- 
mental Studies  of  the  Acetylene- Flame,  "  by  Prof.  Edward  L.  Nichols,  Cor- 
nell University. 

Professor  Nichols  considered  the  acetylene  flame  with  reference  to  its  use 
in  the  physical  laboratory,  rather  than  from  the  industrial  side.  He  referred 
to  the  influence  of  age  and  of  the  mode  of  production  of  the  gas  on  the  bright- 
ness and  color  of  the  flame  ;  to  the  properties  of  the  flames  of  mixtures  of 
acetylene  and  hydrogen  ;  to  the  structure  of  the  flame  with  reference  to  its 
use  in  photometric  work  ;  to  its  color,  radiant  efficiency,  etc. ,  etc. 

The  paper  was  concluded  by  a  consideration  of  the  merits  and  demerits 
of  acetylene  as  a  standard  in  spectro-photometry  and  in  ordinary  photometric 
operations,  and  the  precautions  which  it  will  be  necessary  to  take  in  the 
establishment  of  a  reproducible  primary  standard.  (This  paper  will  shortly 
be  published  in  full. )  W. 
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Mining  and  Metallurgical  Section. 

stated  Meeting,  held  March  //,  igoo. 

RIDDLES  WROUGHT  IN  IRON  AND  STEEL. 


By  Paui,  Kreuzpointxer, 
Altooua,  Peunsylvania. 


In  view  of  our  apparently  extensive  knowledge  of  the 
nature  of  iron  and  steel,  it  may  seem  strange  to  still  speak 
about  riddles  wrought  in  these  metals. 

Nevertheless,  in  everyday  practice  we  are  constantly 
confronted  by  riddles  of  one  kind  or  another,  when  dealing 
with  iron  and  steel,  particularly  the  latter. 

One's  ingenuity  is  sometimes  taxed  severely  to  find  an 
explanation  for  the  cause  of  such  riddles. 

We  pour  some  fluid  iron  or  steel  into  a  mould,  and  what 
have  we  ? 

A  metal  liable  to  puzzle  us  with  various  kinds  of  often 
contradictory  phenomena  which  may  be  of  no  consequence, 
or  perhaps  be  annoying  and  sometimes  hurtful. 

We  congratulate  ourselves  on  having  taken  all  precau- 
tions to  insure  a  good  casting,  when  lo  I  we  hear  a  crack  and 
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find  the  subject  of  our  pride  a  useless  mass  of  metal.  We 
say  it  was  caused  by  shrinkage. 

Can  any  one  describe  the  laws  according  to  which  the 
various  elements  of  which  the  metal  is  composed  aggre- 
gate to  themselves  the  proper  percentage  of  the  most  con- 
genial elements  at  the  proper  degree  of  heat  in  the  most 
suitable  time  and  in  such  a  position  as  to  be  torn  apart 
en  masse  at  a  given  point  during  the  cooling  of  the  mass, 
and  what  causes  the  casting  to  crack  on  account  of  shrinkage  ? 

We  know  well  enough  how  internal  strains  end,  provided 
they  end  injuriously,  if  not  disastrously,  but  who  can  solve 
the  riddle  of  how  they  begin,  how  they  progress,  and  how 
they  stop  just  within,  or  far  below,  the  point-  of  rupture,  as 
the  case  may  be  ? 

The  riddle  becomes  no  less  puzzling  if  we  roll  that  steel, 
if  it  was  steel,  into  plates,  use  those  plates  for  several  years 
and  then  all  at  once  some  of  them  begin  to  crack  length- 
wise and  crosswise  and  are  so  brittle  that  a  blow  with  a 
hand  hammer  breaks  off  strips  of  the  material.  Yet  that 
steel  met  all  chemical  requirements  and  physical  specifica- 
tions before  the  plates  were  put  in  service  and  after  they 
had  disastrously  failed. 

When  some  twelve  years  ago  the  author  called  the  atten- 
tion of  a  foreign  steel-maker  to  the  fact  that  soft  steel  was 
being  used  very  successfully  in  this  country  for  boilers,  he 
said  that  would  never  do. 

He  had  known  of  steel  plates  cracking  while  leaning 
against  a  wall.  Now,  is  this  not  curious  ?  Why  should  steel 
plates  crack  after  they  had.  passed  rigid  specifications?  And 
why  should  there  be  greater  success  in  the  use  of  steel  in 
one  country  than  in  another? 

After  you  have  solved  this  riddle  I  have  another  for  you. 

Why  is  it  that  one  man  softens  a  piece  of  steel  by  an- 
nealing, while  another  man  anneals  an  identical  piece  of 
steel  and  finds  it  has  become  harder  when  his  object  was  to 
get  it  softer? 

Here  are  a  few  figures. 

Wire  with  49,200  pounds  per  square  inch  when  unan- 
nealed  was  found  to  have  a  strength  of  54,400  and  55,800  per 
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square  inch  after  annealing-  for  several  minutes  in  a  tem- 
perature of  from  1,400°  to  1,500°  F. 

In  a  series  of  twenty  pieces  of  soft  steel  the  author 
found  not  one  of  them  softer  after  annealing.  Two  of  the 
pieces  were  of  the  same  strength  and  elongation  as  before 
annealing  and  all  the  others  were  harder  and  lower  in  elon- 
gation. 

Why  is  it  that  we  can  raise  the  strength  of  soft  staybolt 
iron  of,  say  47,000  pounds  per  square  inch,  to  60,000  pounds 
per  square  inch  either  by  heat  treatment,  or  by  repeated 
application  of  stress  ? 

Perhaps  all  of  you  have  come  across  the  man  who  knows 
it  all. 

If  you  meet  him  again  please  ask  him  to  give  the  reasons 
why  steel  coming  from  the  rolls  or  hammer  is  weaker,  and 
less  ductile,  than  the  same  steel  is  after  left  lying  a  day  or 
two,  or,  better  still,  a  week.  Mr.  A.  A.  Stevenson  confirmed 
this  here  recently. 

There  is  no  doubt  that  many  tons  of  suitable  material 
have  been  either  thrown  out  by  the  mill  people  themselves 
or  were  rejected  by  the  inspector  because  it  failed  to  meet 
sp>ecifications,  causing  needless  vexation  and  friction  simply 
because  neither  the  one  nor  the  other  of  the  parties  knew 
that  steel  is  in  a  disturbed  physical  state  after  rolling  or 
hammering,  no  matter  how  good  the  material,  and  should 
be  left  to  rest,  the  longer  the  better. 

Now,  what  takes  place  in  the  steel  during  the  period  of 
rest? 

Another  riddle  is  that  we  can  raise  the  elastic  limit  and 
ultimate  strength  by  a  successive  application  of  stresses 
very  much  above  the  original  strength. 

What  law,  if  it  is  a  law,  governs  this  phenomenon? 

Personally,  the  author  is  convinced  that  many  errors  of 
design  or  inherent  weakness  of  the  steel  have  been  modified 
in  their  probable  consequences,  and  breakdowns  averted, 
by  this  pecular  property  of  steel  to  gain  in  strength,  if 
allowed  to  rest  after  having  been  subject  to  stresses  within 
certain  limits.  It  was  the  knowledge  of  this  fact  which 
enabled  the  author  to  fight  for  steel  and  defend  steel  for 
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Structural  purposes  at  a  time  when  that  metal  was  not  yet 
a  favorite  with  the  engineer  by  any  means.  We  are  all 
familiar  with  Mr.  Outerbridge's  discovery  of  cast  iron  get- 
ting stronger  by  tumbling  in  the  tumbling  barrel,  but  for  all 
we  know  it  is  still  an  unsolved  riddle  what  the  conditions 
really  are  producing  such  effects. 

There  is  reason  to  believe  that  a  similar  phenomenon 
takes  place  in  steel  and,  by  analogy,  in  other  cast  metals. 
In  looking  over  a  table  of  the  different  degrees  of  tempera- 
ture at  which  a  certain  number  of  plates  were  rolled,  from 
the  first  pass  to  the  last,  I  found  one  plate  where  the  tem- 
perature remained  1,900°  F.  during  three  successive  passes. 

In  another  plate,  an  inch  thick,  the  temperature  likewise 
remained  1,900°  F.  during  three  successive  passes. 

In  still  another  one  the  temperature  oscillated  between 
2,190°  and  2,200^  F.  during  five  successive  passes. 

Is  this  not  a  riddle  ? 

When  we  look  over  the  large  field  of  results  obtained  by 
subjecting  steel  to  strains  of  one  kind  or  another  we  observe 
an  almost  endless  variety  of  phenomena,  which,  on  account 
of  their  frequent  occurrence,  may  be  familiar  enough  to  us, 
but  as  to  the  reasons  why,  we  are  profoundly  ignorant, 
showing  us  that  our  knowledge  of  steel  is  still  rather  frag- 
mentary, notwithstanding  the  great  strides  we  have  made 
in  the  knowledge  of  the  properties  of  that  valuable  metal. 

If  we  heat  a  steel  bar  at  one  end,  having  it  divided  pre- 
viously into  inch  lengths,  and  then  break  off  the  pieces,  one 
after  another,  we  will  find  the  structure  of  the  fifth  or  sixth 
piece  very  much  different  at  both  the  fractures,  though  they 
are  only  i  inch  apart.  Either  one  of  the  fractures  is 
coarse-grained  and  the  other  ver)-  fine,  or  the  one  is  granu- 
lar and  the  other  amorphous. 

What  does  such  a  puzzling  phenomenon  teach  us? 
Sometimes  we  are  taught  something  which  in  after  life  we 
find  not  to  be  correct.  Thus  fifty  years  ago  I  was  taught  in 
school  that  elephants  could  not  get  up  if  they  ever  fell 
down.  I  was  very  much  surprised  when  I  saw  an  elephant 
for  the  first  time  and  found  he  could  lie  down  and  get  up 
like  a  horse. 
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We  have  likewise  been  told  that  elongation  is  proportion- 
ate to  strength.  That  the  one  increases  as  the  other 
decreases,  and  vice  versa. 

Everyday  experience  does  not  bear  out  this  assertion. 
Looking  over  a  list  of  150  tests  of  steel  of  the  axle  grade, 
ranging  from  74,000  to  103,000  pounds  per  square  inch,  an 
elongation  is  found  of  27  per  cent,  at  76,000,  88,000  and 
96,000  pounds  strength.  20  per  cent,  is  associated  with 
every  result  from  80,000  to  99,000  pounds.  18  per  cent. 
goes  with  80,000  and  100,000  pounds,  while  16  per  cent, 
accompanies  85,000  and  103,000  pounds. 

What  causes  this  apparent  anomal}^? 

Let  us  take  the  product  of  two  different  steel  works, 
and  if  we  test  it  in  8-inch  section,  the  tensile  strength  and 
elongation  may  be  found  alike  in  both  cases.  Yet  if  we  test 
the  same  steel  with  a  2-  or  4-inch  section  we  may  find  a 
difference  of  from  4,000  to  6,000  pounds  per  square  inch,  and 
several  per  cent,  of  elongation  between  the  two  products. 
Here  we  have  not  only  a  riddle,  but  a  powerful  argument 
why  we  need  uniform  methods  of  testing,  and  that  it  is  in 
the  interest  of  manufacturers  as  well  as  the  engineer  to 
bring  about  such  uniformity. 

Right  in  line  with  this  puzzle  is  that  other  puzzle,  shown 
first  by  Bauschinger  and  Wohler,  and  confirmed  since  by 
numerous  investigators,  that  removal  of  the  load  which  is 
straining  a  piece  of  metal  does  not  stop  the  activity  of 
molecular  motion  in  that  piece,  but  that  activity  once 
aroused  continues  for  days,  weeks  and  months  after  the 
load  has  been  removed.  Thus,  for  instance,  if  a  test-piece 
has  been  stretched  somewhat  beyond  the  limit  of  proportion- 
ality it  will,  on  removal  of  the  load,  return  partly  to  the 
original  length  at  once.  It  will  not  stop  there,  however, 
but  will  continue  to  grow  shorter  for  weeks  and  months, 
more  rapidly  at  first,  but  slower  and  slower  afterwards. 

Having  tried  your  patience  with  a  recital  of  some  of  the 
riddles  wrought  in  iron  and  steel  across  which  the  practical 
metallurgist  stumbles  every  day,  let  us  consider  now  some 
of  the  manifestations  which  apparently  are  the  source  of 
many  of  the  riddles  we  come  across. 
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To  solve  these  riddles  must  be  our  constant  endeavor  if 
we  are  not  to  retrograde  in  the  art  of  applied  metallurg-y 
and  lose  the  advantages  we  have  gained  in  our  struggle 
for  supremacy  in  the  markets  of  the  world. 

One  of  the  principal,  though  not  the  only,  sources  of  the 
riddles  we  encounter  in  steel  and  other  cast  metals  is,  no 
doubt,  that  characteristic  of  alloys  to  segregate. 

This  tendency  to  segregate  does  not  necessarily  mean 
the  formation  of  a  nodule  of  same  size  within  a  shrinkage 
cavity  of  a  chemical  composition  entirely  different  from  the 
surrounding  mass,  or  the  lining  of  a  shrinkage  cavity  with 
those  pine-needlelike  crystals  so  characteristic  of  iron  al- 
loys, nor  yet  of  the  formation  of  hard  spots. 

While  all  of  these  are  common  occurrences,  yet  we  have 
to  look  for  an  explanation  of  some  of  the  riddles  wrought  in 
steel  to  that  kind  of  segregation  which  produces  a  chemical 
change  in  the  whole  mass  of  steel  and  makes  itself  felt  by 
a  change  in  the  whole  structure  rather  than  in  separate 
spots. 

That  eminent  metallurgist,  Freiherr  Jiiptner  von  Jorns- 
dorf,  in  speaking  of  the  problems  we  have  to  deal  with  in 
metallurgy,  says : 

"All  accumulated  experience  points  to  the  conclusion 
that  in  metals  we  are  dealing  with  solutions,  and  that  the 
various  components  are  segregations,  the  nature  of  which 
depends,  of  course,  on  the  various  elements  of  which  the 
solution  is  composed  and  the  temperature  at  which  these 
elements  separate. 

"That  this  process  of  separation  on  cooling  varies  accord- 
ing to  the  point  of  saturation  of  the  solution  is  well  known. 

"  In  a  concentrated  solution  a  part  of  the  dissolved  ele- 
ments segregate  out  at  a  decreasing  temperature.  On  fur 
ther  cooling,  still  more  of  the  elements  segregate  out,  until, 
at  a  certain  point  of  temperature  and  concentration,  the 
remaining  mother  liquor,  that  is,  the  solvent  and  the  dis- 
solved elements  solidify  together  without  further  segrega- 
tion of  the  one  or  other  element.  *  *  *  in  practice  this 
phenomenon  may  become  complicated  in  so  far  that,  for 
instance,  a  concentrated  solution  of  the  one  or  the  other 
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element  is  present  in  the  molten  alloy.  On  cooling,  the 
excess  of  this  element  segregates  out,  and  the  remainder, 
or  mother  liquor,  represents  a  diluted  solution. 

"  If  now,  on  further  cooling,  part  of  the  solvent  segregates 
out,  then  it  is  conceivable  that  a  reversal  of  the  previous 
condition  takes  place,  and  the  mother  metal  again  becomes 
a  concentrated  solution."* 

This  short  extract  from  that  very  interesting  paper  may 
give  us  an  idea  of  the  complexity  of  conditions  and  dis- 
tribution of  elements  in  cast  iron  and  steel,  due  to  their 
separating  and  segregating  at  different  temperatures  in 
ever-varying  percentages. 

Thus  we  can  readily  imagine  the  almost  incomprehensi- 
ble complexity  of  conditions,  arising  in  a  cooling  mass  of 
cast  iron  or  steel,  especially  of  cast  iron,  which  is  richest  in 
divers  elements,  by  the  partial  or  complete  absorption, 
saturation,  equalization,  segregation,  exchange  and  inter- 
change of  the  various  elements,  according  to  their  affinity, 
the  law  of  crystallization  governing  them,  degree  of  melting 
heat  and  rate  of  cooling.  In  these  reciprocal  effects  of 
absorption  and  segregation,  of  solution  and  saturation  of 
the  varying  and  ever  variable  elements  composing  cast  iron 
and  steel,  complicated  still  more  by  the  melting  point  and 
rate  of  cooling,  we  no  doubt  often  may  find  the  reasons  for 
at  least  some  of  the  riddles  wrought  in  iron  and  steel.  As 
we  go  down  in  the  scale  of  temperatures  from  the  highest 
degree  of  fluidity  to  the  point  of  complete  solidification  we 
have  a  series  of  formations  of  groups  of  elements,  the  last 
of  which  decides  the  quality  and  usefulness  of  the  metal. 

Conversely,  when  heat  is  applied  to  a  solidified  mass  of 
metal,  the  various  groups  of  elements  will  not  soften  and 
melt  simultaneously,  but  in  succession,  and  herein  we  find 
the  source  of  many  riddles  and  complexities  due  to  the  heat 
treatment  of  steel. 

It  is,  indeed,  an  indisputable  fact    that  we    can  spoil  a 


*Die  nachsten  Aufgabeu  der  chemischen  Untersuchung  von  Metallen, 
besonders  von  Eisen  und  Sia.\\\.—Bauviaterialienk7inde,  Heft  5  and  6,  Bd. 
II,  1S97. 
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good  piece  of  steel  by  improper  heat  treatment  and  can 
improve  an  inferior  grade  of  steel  by  proper  heat  treatment, 
and  we  can  also  produce  different  qualities  in  the  same 
piece  of  steel  by  a  judicious  heat  treatment. 

Here,  for  instance,  is  a  series  of  four  microphotographs, 
each  of  which  shows  a  different  structure,  as  well  as  a  differ- 
ent tensile  strength  and  ductility,  although  the  four  pieces 
are  one  and  the  same  piece  of  steel,  having  had  exactly  the 
same  structure  and  physical  qualities  and  chemical  elements 
originally. 

The  photographs  were  made  for  the  Franklin  Institute  by 
Mr.  F.  D.  Maisch,  of  this  city,  from  the  piece  of  steel  treated, 
and  are  seventy  times  magnified. 

Fig.  I  is  the  original  steel.  Its  tensile  strength  was 
103,000  pounds  per  square  inch  and  15  per  cent,  elongation 
in  2  inches.  We  see  by  the  dark,  dense  blotches  and  irregu- 
lar structure   that    the    steel  was  in  a  disturbed  condition. 

The  carbon  was  0*4  per  cent.,  and  the  high  strength  as 
well  as  the  appearance  and  irregularity  of  structure  for  this 
grade  of  steel  indicate  internal  strains. 

The  original  piece  having  been  cut  into  four  pieces,  piece 
No.  2  was  heated  to  produce  what  the  author  considered 
normal  axle  steel.  The  result  is  seen  in  Fig.  2.  The  struc- 
ture has  become  quite  uniform  and  more  open-grained  than 
in  Fig.  I.  The  tensile  strength  has  fallen  to  87,000  pounds 
per  square  inch,  and  35  per  cent,  elongation  in  2  inches,  a 
decrease  of  16,000  pounds  per  square  inch  and  increase  of  20 
per  cent,  elongation. 

A  third  piece  was  heated  in  a  different,  though  not  unu- 
sual way,  when  Fig.  j  was  obtained. 

This  brought  the  tensile  strength  down  to  84,000  pounds 
per  square  inch  and  22  per  cent,  elongation  in  2  inches. 
The  structure  has  become  coarse,  showing  a  distinct  separa- 
tion into  two  well-defined  bodies  of  metal.  The  fall  in 
strength  and  elongation  indicate  impaired  quality  of  the 
steel,  if  we  consider  Fig.  2  as  the  most  suitable  qualit}^ 

The  fourth  piece  was  then  annealed  to  a  high  degree  of 
heat  and  left  to  "  soak  "  for  two  and  one-half  hours. 

The  result  we  see  in  Fig.  _j.  when  the  strength  had  fallen 
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Fig.  I. 


Fig.  2. 


Fig. 


Fig.  4. 


Photomicrographs  showing  changes  of  structure  in  same  piece  of 
steel  caused  by  different  heat  treatment  (x  7o). 
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to  80,000  pounds  per  square  inch  and  20  per  cent,  elongation 
in  2  inches.  The  structure  has  changed  radically,  and 
clearly  shows  overheating. 

Now  let  us  suppose  such  varying  degrees  of  heat  or 
modifications  of  them  are  applied  to  the  members  compos- 
ing a  structure,  or  to  the  individual  pieces  of  a  lot  or  ship- 
ment, then  we  can  readily  imagine  the  almost  endless 
variety  of  structures  in  the  steel  of  perhaps  a  day's  work,  of 
comparatively  uniform  chemical  composition,  and,  what  is 
still  more  important,  the  ordinary  specifications  for  tensile 
test  may  bring  all  these  structures,  good,  bad  and  indiffer- 
ent, within  the  limits  of  acceptance. 

Do  we  need  to  wonder  if  we  find  riddles  wrought  into 
that  metal  ? 

Other  instances  could  be  given  to  show  you  how  com- 
paratively little  we  know  yet  about  steel  and  how  much 
there  is  yet  to  learn  when  we  can  produce  at  will  a  differ- 
ence of  23,000  pounds  per  square  inch  of  strength  and  20 
per  cent,  of  elongation  in  the  same  piece  of  steel  at  the 
same  time. 

In  another  case,  the  author  succeeded  in  producing  a 
difference  of  21,000  pounds. 

In  producing  such  differences  hardening  of  the  metal  is 
not  taken  into  consideration. 

While  our  knowledge  of  the  causes  and  effects  of  the 
action  and  reaction  taking  place  in  steel  is  as  yet  rather  frag- 
mentary, hence  the  riddles,  3^et  we  are  beginning  to  grasp 
the  underlying  principles. 

We  know  now  that  steel  is  an  alloy  in  which  a  part  of  the 
elements  is  held  in  solution  by  the  iron,  while  part  is  a 
mechanical  mixture.  We  are  beginning  to  learn  that  there 
is  no  stability  between  the  relations  of  the  various  elements 
at  each  and  every  stage  of  the  life  of  steel. 

We  are  comprehending  that  iron  and  steel  is  not  the 
rigid,  immovable  mass  we  were  wont  to  consider  these 
metals,  that  they  are,  in  fact,  like  very  sensitive  creatures, 
liable  to  be  influenced  by  changes  of  temperature,  unwilling 
to  be  abused  and  ill-treated. 

It   is  the  degree  of  this  changeabilit}^    of  steel    which 
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to-day  requires  our  closest  attention  and  study,  the  condi- 
tion under  which  it  changes,  the  reasons  why  it  changes 
and  what  changes  make  a  given  grade  of  steel  suitable  or 
unsuitable  for  a  given  purpose. 

The  want  of  this  knowledge  causes  man}'  phenomena 
to  appear  as  riddles  to  us  at  present. 

What  we  need  to  do  now  is  to  make  use  of  the  suscepti- 
bility of  steel  by  changing  its  nature  to  our  advantage  in 
producing  the  most  suitable  quality,  at  one  time,  or,  at  an- 
other time,  to  secure  greatest  possible  uniformity,  not  only 
in  one  piece,  but  in  a  number  of  pieces. 

We  must  use  the  pyrometer  more  freely  than  we  do  now 
in  order  to  be  able  to  determine  the  proper  temperature  at 
which  to  anneal  and  to  temper  and  to  produce  the  same 
results  uniformly  at  all  times.  We  must  discard  thumb- 
rule  and  guesswork  in  the  present  treatment  of  steel,  just 
as  we  have  discarded  thumb-rule  and  guesswork  in  me- 
chanics. 

We  must  study  the  microstructure  of  steel  in  its  rela- 
tion to  physical  qualities  and  chemical  constituents. 

We  must  find  the  best  methods  how  to  measure  and  de- 
termine the  properties  and  qualities  of  steel. 

The  author  is  well  aware  of  the  practical  difficulties  of 
doing  all  this,  but  this  should  not  hinder  us  from  adapting 
our  methods  of  testing  and  investigating  the  qualities  of 
steel  as  closely  to  its  nature  as  we  know  how  and  to  the 
condition  under  which  we  use  it. 

At  present  we  often  follow  the  old  beaten  path  without 
paying  due  attention  to  changes  in  economic  conditions  and 
our  improved  knowledge. 

Some  of  the  riddles  we  encounter  in  iron  and  steel  are 
not  riddles  in  the  sense  that  they  are  indications  of  a  per- 
versity of  these  metals,  but  they  are  simply  and  solely  due 
to  our  tendency  to  treat  the  physical  properties  of  iron 
and  steel  as  things  which  can  be  measured  like  their 
chemical  constituents,  in  the  chemist's  balance,  or  conform 
themselves  to  every  notion  we  may  have  about  the  manner 
and  method  in  which  these  metals  are  finished,  tested  and 
worked. 
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Since  we  are  beginning  to  learn  what  peculiar  effects 
heat  treatment  has  on  steel,  we  must  go  a  step  further  in 
our  progress  and  determine  the  finishing  heat,  the  temper- 
ing heat,  the  annealing  heat,  the  quenching  heat,  with  the 
aid  of  the  pyrometer,  for  a  given  grade  of  steel.  If  we  are 
satisfied  with  wide  ranges  of  the  qualities  in  steel,  we  may 
go  on  in  the  ways  we  have  followed  thus  far. 

But  if  we  want  to  use  our  resources  to  greatest  economi- 
cal advantage  and  be  tolerably  sure  what  we  are  doing  in 
order  to  be  sure  what  we  are  getting,  we  must  adapt  the 
means  to  the  end  in  proportion  as  we  progress  in  our 
knowledge. 

DISCUSSION. 

Mr.  Wm.  R.  Webster  : — No  doubt  Mr.  Kreuzpointner 
could  have  given  us  very  satisfactory  explanations  of  his 
"  Riddles  Wrought  in  Iron  and  Steel,"  but  preferred  that 
they  should  be  thoroughly  discussed,  and  thus  call  atten- 
tion to  the  necessity  of  improving  the  heat  treatment  of 
steel  in  its  manufacture,  and  subsequent  operations  of 
working  it  in  the  shops,  and  the  desirability  of  standard 
methods  of  testing.  The  points  raised  are  well  taken,  and 
will,  no  doubt,  bring  out  a  full  discussion  arid  accomplish 
the  ends  aimed  at. 

Data  bearing  on  many  of  the  "  riddles  "  can  be  found  in 
the  recent  papers  and  discussion  on  the  "  Physics  of  Steel  '* 
before  the  American  Institute  of  Mining  Engineers.  Segre- 
gation and  its  effects  were  then  taken  up,  and  the  following 
is  quoted  from  Mr.  R.  D.  Hibbard's  remarks:*  "To  guard 
against  segregation  in  ingots  the  following  precautions 
may  be  observed  : 

"(i)  Cast  ingots  of  the  smallest  practicable  size. 

"  (2)  Cast  ingots  of  as  cold  steel  as  practicable. 

"(3)  Cast  ingots  as  slowly  as  practicable. 

"(4)  If  the  ingots  must  be  large,  and  segregation  is  very 
objectionable,  then  purer  stock  than  is  otherwise  needed 
must  be  used,  or  allowance  made  to  cut  off  from  the  top  or 
out  of  the  center,  or  both,  enough  steel  to  remove  the  parts 
containing  the  worst  segregation. 

*Proc.  Am.  Inst.  Min'g  Etigs.,  xxiv,  1894. 
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"(5)  The  method  mentioned  above,  of  making  what  I 
have  called  incipient  rising-§teel,  must,  it  would  seem,  give 
ingots  free  from  segregation.*  The  steel  in  the  mould  is 
constantly  in  motion  until  the  moment  of  solidification, 
and  the  impurities  have  no  opportunity  to  collect  anywhere. 
This  method  being  applicable  to  soft  steel  only,  however, 
will  give  no  assistance  in  overcoming  segregation  in  large 
high-quality  hard-steel  ingots." 

I  will  endeavor  to  give  solutions,  based  on  the  heat  treat- 
ment of  steel,  to  some  of  these  "  riddles."  Of  course,  the 
chemical  composition  of  the  steel  must  not  be  overlooked, 
as  on  it,  in  connection  with  its  heat  treatment  and  mechani- 
cal work,  the  quality  of  the  material  depends. 

Regarding  plates  that  have  failed  after  several  years  of 
service,  it  is  always  a  difficult  matter  to  get  at  all  the  facts: 

(i)  Concerning  the  conditions  of  rolling. 

(2)  The  tests  made  on  the  plates. 

(3)  The  abuse  they  may  have  received  in  shop  treat- 
ment. 

(4)  The  abuse  they  may  have  received  in  service. 
After   failures   of    such    material,    when    the    chemical 

analysis  does  not  explain  the  trouble,  physical  tests,  both 
before  and  after  annealing,  will  often  throw  much  light  on  the 
subject.  The  examinations  by  the  microscope  are  also  of 
the  greatest  assistance.  The  piece  of  boiler  plate  which  I 
have  here  is  a  very  simple  explanation  of  failures  of  this 
kind.  This  plate  is  of  open-hearth  steel ;  it  passed  both 
mill  and  shop  inspection  for  chemical  requirements,  tension 
test,  per  cent,  of  elongation,  and  per  cent,  of  reduction ; 
3'et  in  forming  in  the  bending  rolls  for  a  60-inch  shell  it 
broke  through  one  of  the  punched  holes  to  the  edge  of 
plate.  Further  examinations  were  then  made  of  the  plate, 
and  nothing  in  the  chemical  analysis  or  tension  tests,  taken 
from  the  plate  close  to  the  fracture,  would  account  for  the 
trouble.  My  attention  being  called  to  the  matter,  I  sug- 
gested that  both  cold  and  quench  bends  be  made  from 
pieces  cut  from  this  plate.  The  former  failed,  as  shown  by 
this  piece,  and  the  latter  bent  down  fiat,  as  shown  by  this 
piece.     This  proved  that  the  whole  trouble  was  in  finishing 
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the  plate,  in  rolling-,  at  too  high  a  finishing  temperature. 
Further  investigation  showed  that  the  cold  bends  had  been 
omitted  in  the  original  testing  of  the  plate.  I  would  call 
attention  to  the  importance  of  always  making  these  cold 
bends,  not  relying  on  the  quench  bends  alone. 

The  changes  referred  to  by  Mr.  Kreuzpointner  as  occur- 
ring in  a  piece  of  steel  when  heated  at  one  end  are  shown 
in  this  piece  of  steel,  it  being  a  modification  of  Mr.  Met- 
calf's  beautiful  experiment,  and  shows  in  one  fracture  all 
of  the  changes  referred  to,  the  difference  in  the  sizes  of 
the  grain  being  a  record  of  the  temperatures  to  which  the 
steel  was  heated.  While  we  may  not  know  the  true  ex- 
planation of  this  change,  or  when  it  takes  place,  yet  we  do 
know  how  to  produce  it,  how  to  restore  it,  and  how  to  avoid 
it.  In  the  present  case  the  large  grain  was  produced  by 
overheating  the  end  and  allowing  it  to  cool  slowly ;  it  can 
be  restored  by  careful  heat  treatment  in  annealing ;  if  work 
had  been  put  on  this  piece  of  steel  while  it  was  still  hot, 
and  continued  at  a  low  enough  temperature,  the  large  grain 
would  have  been  broken  up  and  a  fine-grained  steel  pro- 
duced. All  steels  undergo  these  changes.  Their  suscepti- 
bility increases  with  the  increase  of  carbon. 

The  physical  results  from  steel  of  any  given  chemical 
composition  depend,  to  a  large  extent,  on  the  finishing 
temperature.  In  axles,  this  accounts  for  the  same  per  cent, 
of  elongation  for  different  ultimate  strengths,  and  for  the 
different  elongations  for  the  same  ultimate  strengths.  The 
tendency  of  too  high  finishing  temperature  is  to  reduce  the 
ultimate  strength  and  per  cent,  of  elongation,  while  too 
low  a  finishing  temperature  tends  to  increase  the  ultimate 
strength  and  reduce  the  per  cent,  of  elongation.  A  definite 
solution  of  this  "  riddle  "  could  have  been  obtained  by  care- 
fully annealing  the  axles  and  making  additional  tension 
tests.  The  changes  produced  by  annealing  depend  upon 
the  chemical  composition  of  the  steel  and  the  former  treat- 
ment it  has  received,  as  well  as  the  temperature  to  which 
the  steel  is  heated,  time  kept  at  that  temperature,  and 
manner  of  cooling.  In  all  cases  the  steel  should  be  allowed 
to  cool  before  it  is  heated  for  annealing. 


May,  1900.]         Riddles  Wrought  in  Iron  and  Steel.  335 

The  temperature  of  steel  remaining  the  same,  or  in- 
creasing for  successive  passes,  is  accounted  for  by  the 
heavy  reductions,  in  rolling,  elongating  the  material,  and 
bringing  nearer  to  the  surface  quickly  the  hot  interior  of 
the  slab  ;  and  by  the  heat  generated  in  this  work.  The  ex- 
tent to  which  the  heat  generated  by  work  can  be  carried  is 
cited  by  Mr.  Metcalf  in  his  "  Manual  for  Steel  Users,"  in 
which  he  states :  "A  skilful  hammerman  will  take  a  piece 
of  mild,  cold  steel,  and  by  means  of  light,  rapid  blows  he 
will  heat  it  up  to  a  bright  lemon  heat  without  fracturing  it ; 
then  he  will  have  it  thoroughly  plastic  and  malleable." 

The  changes  of  structure  noted  above  occur  in  wrought 
iron.  I  have  known  of  iron  eyebars  being  condemned  for 
a  coarse  crystalline*  structure  in  the  neck,  no  work  having 
been  put  on  the  bar  at  that  point  when  it  was  heated  to 
form  the  head.  Some  of  the  manufacturers,  in  order  to 
guard  against  this,  annealed  all  of  their  iron  eyebars.  I 
further  recall  one  lot  of  upset  iron  anchor  bolts  that  on 
testing,  full  size,  broke  at  the  base  of  upset,  showing  a 
coarse  crystalline  structure,  and  after  carefully  annealing 
broke  in  the  body  of  the  bolt,  showing  a  tough  fibrous 
structure. 

I  have  only  referred  to  the  direct  effect  of  the  heat  treat- 
ment on  the  physical  properties  of  the  steel.  Its  effect  on 
the  form  of  the  carbon  present  should  not  be  overlooked  in 
this  discussion. 

In  considering  heat  treatment,  its  effect  on  cast  iron  must 
not  be  overlooked,  as  many  of  the  changes  in  the  structure 
of  this  metal  are  due  to  heat,  and  are  closely  related  to  the 
corresponding  changes  in  steel.  This  is  shown  in  many 
ways ;  for  instance,  from  the  same  ladle  of  iron  a  fine  grain 
is  produced  in  a  small  casting  and  a  large  grain  in  a  large 
casting,  the  difference  depending  on  the  composition  of  the 
metal  to  start  with,  temperature  of  metal  when  poured  and 
difference  between  the  sizes  of  the  castings.  Another  way 
of  stating  this  is  that  the  grain  in  all  cases  depends  on  the 
chemical  composition  of  the  iron  and  its  heat  treatment. 

The  large  casting  holds  the  heat  much  longer  and  allows 
the  large  grain  to  form.     This  is  proven  by  producing  the 
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large  grain  in  the  small  casting  by  keeping  it  at  a  high  tem- 
perature and  delaying  the  rate  of  cooling. 

Those  are  the  direct  effects  of  heat,  but  there  are  also 
the  corresponding  changes  in  the  form  of  carbon  present. 

One  will  naturally  ask :  can  corresponding  changes  be 
made  in  iron  castings,  after  they  have  cooled,  by  a  simple 
heat  treatment  that  does  not  change  the  total  amount  of 
the  elements  present? 

This,  no  doubt,  will  be  answered  by  Mr.  Outerbridge  and 
others  who  have  had  a  great  deal  of  experience  in  this  line 
of  work. 

I  would  like  to  ask  the  following  questions : 

(i)  Can  white  iron  castings  be  changed  to  good  gray  iron 
bv  annealing?  If  so,  what  is  the  gain  m  strength  over  cor- 
responding gray  iron  castings  produced  in  the  ordinary  way? 

(2)  I  would  also  like  to  know  what  changes  can  be  pro- 
duced in  good  gray  iron  castings  by  heat  treatment  alone. 

In  these  questions  I  do  not  refer  to  any  changes  depend- 
ing upon  the  total  amount  of  carbon  or  other  element  pres- 
ent, for  instance,  by  treatment  with  oxide  of  iron  or  other 
material,  but  merely  to  simple  annealing  (as  generally  under- 
stood for  steel),  in  the  first  case,  and  heating  and  quenching 
in  the  second, 

A.  E.  Outerbridge,  Jr,:  — The  letter  I  received  a  few 
days  ago  from  the  Secretary  of  the  Institute,  relating  to  the 
special  meeting  called  to  discuss  Mr.  Kreuzpointner's  paper, 
requested  me  "to  take  up  such  points  as  deal  with  cast  iron 
and  the  behavior  of  molten  metal." 

There  are  riddles  in  cast  iron  as  well  as  in  steel,  some  of 
which  will  probably  remain  unsolved  as  long  as  the  metal 
shall  continue  to  be  used,  and  I  purpose  making  some 
statements  regarding  the  behavior  of  cast  iron  when  sub- 
jected to  heat  treatment  which  are,  I  believe,  at  variance 
with  the  current  views,  and  are,  therefore,  open  to  criticism 
and  correction  should  they  be  found  not  in  accord  with 
actual  facts,  I  may  say,  in  the  first  place,  that  there  is  a 
close  analogy  between  the  behavior  of  cast  iron  and  steel, 
in  some  respects,  when  subjected  to  heat  treatment,  but  in 
others  there  are  much  more  radical  differences  of  behavior 


May,  1900.]         Riddles  Wrought  in  Iron  and  Steel.  337 

than  our  intimate  knowledge  of  the  composition  of  cast 
iron  and  steel  would  lead  us  to  suspect. 

Let  us  cite  an  instance  where  there  is,  evidently,  a  close 
analogy  between  cast  iron  and  steel.  If,  for  example,  a  bar 
of  steel  is  heated  to  a  certain  temperature  and  suddenl}^ 
quenched  in  cold  water,  it  will  become  hard  and  more  or 
less  brittle.  In  like  manner,  if  a  bar  of  ordinary  gray  cast 
iron  be  heated  to  a  certain  degree  (which  may  be  called 
the  "critical  temperature")  and  suddenly  cooled  by  immer- 
sion in  a  chemical  solution  of  various  salts,  or  even  in  cold 
water,  it  will  become  extremely  hard,  not  merely  upon  the 
surface,  but  throughout  the  mass.  I  should,  perhaps,  ex- 
plain that  I  do  not  now  refer  to  so-called  "  chilled  iron," 
i.  e.,  a  metal  in  which  the- carbon  and  iron  are  in  chemical 
union,  having  a  characteristic  crystalline  structure  and 
white  color. 

It  is  possible,  in  this  simple  manner,  to  change  a  com- 
paratively soft  gray  iron  casting  into  a  metal  as  hard  as 
steel ;  in  fact,  cutting  tools  for  lathes  and  planers  have  been 
made  of  common  gray  cast  iron  thus  hardened,  not 
"  chilled  "  on  the  cutting  edge.  The  hardened  bar  of  cast 
iron  is  very  brittle  and  the  fracture  is  much  lighter  in  color 
than  the  original  metal,  closely  resembling  tool  steel.  Sin- 
gularly enough,  this  fact  does  not  seem  to  be  universally 
known,  yet  this  is  one  of  the  few  instances  in  which  cast 
iron  and  steel  behave  alike  under  similar  conditions.  But 
you  may  say,  "  What  about  the  strengthening  of  cast  iron 
by  annealing;  is  there  not  a  close  analogy  in  this  respect 
to  steel  ?"     I  answer  emphatically  "  No  I  " 

It  is,  of  course,  very  well  known  that  some  castings,  such 
as  chilled  cast-iron  car  wheels,  are  greatly  improved  in 
strength  by  annealing  in  heated  pits  for  a  period  of  from 
three  to  five  days,  and  from  this  fact  it  is  generally  assumed 
that  annealing  cast  iron  strengthens  the  metal.  Neverthe- 
less, I  am  prepared  to  make  the  positive  statement — which 
may  seem  startling  in  view  of  the  widespread  belief  to  the 
contrary — that  annealing  gray  cast  iron  by  heat  invariably 
weakens  the  material.  How,  then,  can  we  explain'the  appar- 
ent anomaly  that  a  cast-iron  car  wheel  is  ^strengthened  by 
Vol.  CXLIX.     No.  893.  22 
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heat  annealing,  if  it  be  true  that  gray  cast  iron  is  invariably 
weakened  by  heat  annealing  ?  This  is  a  riddle  that  may  be 
readily  solved. 

A  chilled  cast-iron  car  wheel  is  subject  to  abnormal  cool- 
ing strains  due  to  the  conditions  under  which  it  is  cast.  If 
a  car  .wheel  is  allowed  to  cool  in  the  air,  like  an  ordinary 
casting,  the  cooling  strains  are  sufficient  to  overcome  the 
molecular  cohesion  of  the  metal  and  usually  to  cause  the 
wheel  to  break  asunder  with  a  loud  report;  but  if  it  is 
placed,  while  still  red-hot,  in  an  annealing  pit  and  allowed 
to  cool  very  slowly,  these  strains  are  gradually  eliminated 
and  the  casting  then  becomes  exceedingly  strong.  If  now 
you  ask,  "  Is  the  gray  metal  of  which  the  plate  of  the  wheel 
is  made  as  strong  after  annealing  as  before  ?"  I  say,  posi- 
tively, it  is  not.  Such  a  statement,  however,  to  be  convinc- 
ing and  to  have  practical  value,  must  be  accompanied  by 
irrefragable  proofs.  Several  years  ago  I  made  many  experi- 
ments to  ascertain  the  facts  in  the  case,  and  very  recently 
I  have  repeated  some  of  these  tests  with  entirely  corrobora- 
tive results. 

Several  bars  of  cast  iron  of  various  grades,  ranging  from 
soft  pulley  metal,  having  a  tensile  strength  of  about  18,000 
or  20,000  pounds  per  square  inch,  up  to  very  strong  iron 
showing  over  40,000  pounds  tensile  strength  to  the  square 
inch  (on  bars  of  i-inch  section  cast  30  inches  long),  have 
been  made  and  tested,  both  before  and  after  annealing,, 
within  the  past  few  weeks.  The  jiiodus  operandi  was  as  fol- 
lows :  The  bars  were  first  broken  once  upon  a  testing  ma- 
chine with  supports  12  inches  apart  and  the  transverse 
strength  of  the  unannealed  metal  was  thus  ascertained;  one- 
of  the  pieces  of  each  bar  was  then  turned  in  a  lathe  and 
pulled  on  a  testing  machine,  thus  the  tensile  strength  of 
the  unannealed  bar  was  also  determined.  The  remaining 
pieces  of  the  bars  were  then  placed  in  the  annealing  fur- 
nace and  subjected  to  high  heat  for  nine  hours;  the  bars 
were  then  very  slowly  cooled  while  still  enclosed  in  the 
annealing  cases  to  protect  them  from  the  oxidizing  effect 
of  the  air.  The  annealed  pieces  were  then  treated  in  pre- 
cisely the  same  manner  as  were  the  unannealed  pieces  of 
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the  same  bars  to  ascertain  the  transverse  and  tensile 
strength.  In  every  case  the  annealed  bars  were  much 
weaker  than  the  unannealed  portions  of  the  same  bars.  Two 
recent  tests  will  suffice  to  illustrate  this.  Two  bars  30 
inches  x  i  inch  x  i  inch  were  poured  from  strong  cast  iron 
taken  from  a  ladle  holding  about  8,000  pounds  of  molten 
metal  and  the  following  records  obtained: 
Transverse  strength  of  bars  not  annealed. 

No.  I  =  3,350  pounds  (center  load). 

No.  2  ^  3,300       "  "  " 

Deflection  No.  i  =    1444  inch  ;  No.  2  =    1278  inch. 

Transverse  strength  (same  bars),  annealed. 

No.  I  =  2,700  pounds  (center  load). 

No.  2  =  2,700       "  "         " 

Deflection  No.  i  ■=■  "1556  inch  ;  No.  2  =  "1333  inch. 

Tensile  strength  (same  bars),  not  annealed. 

No.  I  =  37,285  pounds  per  square  inch. 
No.  2  ^  36,072        "         "         "  " 

Tensile  strength  (same  bars),  annealed. 

No.  I  =  24,500  pounds  per  square  inch. 
No.  2  =  24,500       "         "         "  " 

The  fracture  of  the  annealed  bars  shows  much  darker 
gray  and  somewhat  coarser  grain  than  the  unannealed 
pieces  of  the  same  bars;  this  is  due  to  the  change  of  com- 
bined carbon  to  the  graphitic  form,  and  accounts,  in  part 
at  least,  for  the  weakening  effect  of  annealing  cast  iron. 

Not  wishing  to  extend  this  discussion  to  an  undue  length, 
I  will  allude  to  but  two  other  radical  differences  between 
cast  iron  and  cast  steel.  There  is  comparatively  little  differ- 
ence in  the  physical  characteristics  of  the  metal  in  a  large  or 
in  a  small  casting  poured  from  one  ladle  of  molten  steel,  but 
there  is  a  great  difference  in  the  character  of  gray  cast  iron 
when  poured  from  one  ladle  into  large  and  small  castings. 
Furthermore,  there  is  a  lack  of  homogeneity  in  different 
parts  of  the  same  casting,  causing  wide  variations  in  the 
physical  properties  of  the  iron.  This  was  proved  in  a  con- 
elusive  manner  in  some  tests  made  twelve  years  ago,  a  brief 
account  of  which  first  appeared   in  print  in   the  Iron   Trade 
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Review,  November  25,  1897,  and  as  this  article  (written  by 
the  editor  of  that  journal)  also  gave  my  views  upon  the 
effect  of  molecular  vibration,  or  shock,  on  cast  iron  and 
steel,  to  which  subject  Mr.  Kreuzpointner  has  alluded,  I 
will  close  my  remarks  with  a  reference  to  the  paper  in  the 
Iro)i  Trade  Revieiv  of  the  date  mentioned. 

"  Reference  was  made  in  our  issue  of  the  i  ith  inst.  to  the 
report  of  the  Committee  of  Science  and  Arts  of  the 
Franklin  Institute,  on  the  discoveries  of  Alex.  E.  Outer- 
bridge,  Jr.,  of  Philadelphia,  concerning  the  effect  of  shock 
or  vibrations  on  cast  iron.  A  table  of  tests  appended  to  the 
report  gives  the  results  of  independent  experiments  con- 
ducted by  the  committee.  In  some  cases  the  gain  in  strength 
in  bars  tested  by  the  committee  by  rumbling  exceeded  the 
maximum  gain  published  in  Mr.  Outerbridge's  tables,  by 
more  than  100  per  cent.  The  largest  gain  claimed  in  Mr.  Out- 
erbridge's paper  read  at  the  Pittsburg  meeting  of  the  Ameri- 
can Institute  of  Mining  Engineers  in  February,  1896,  was  a 
little  less  than  19  per  cent.  The  Franklin  Institute  Com- 
mittee made  its  own  bars  and  tests  and  obtained  40  per 
cent,  gain  in  strength  and  48  per  cent,  in  deflection,  as  a 
maximum  increase  in  the  strength  of  a  bar  after  it  had  been 
subjected  to  repeated  shocks.  In  some  cases  bars  which 
had  been  subjected  to  shocks  in  the  barfel  were  found  to  be 
defective  castings,  yet  they  were  stronger  than  companion 
pieces,  free  from  defects,  but  not  subjected  to  this  treat- 
ment. 

"  The  question  has  been  raised  whether  a  similar  effect 
would  be  produced  upon  steel.  Writing  on  this  subject  to 
the  Iron  Trade  Revieiv,  Mr.  Outerbridge  says  : 

" '  I  have  been  frequently  asked  this  question.  I  have 
always  replied,  '  No.'  The  conditions  are  radically  dif- 
ferent. '  Cooling  strains '  in  cast  iron  must  not  be  con- 
founded with  contraction  of  steel.  The  molecular  structure 
of  cast  irou'is  determined  by  the  rate  of  cooling  quite  as 
much  as  it  is  by  the  chemical  constituents.  A  large  casting 
and  a  small  one  from  the  same  ladle  of  cast  iron  are  unlike ; 
with  steel,  however,  no  such  great  difference  exists  between 
large  and  small  castings  poured  from  one  ladle. 
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"  '  Several  years  ago  I  had  a  solid  block  of  cast  iron  15x15 
X  1 5  inches  cut  up  into  sixty-four  test  bars  i  inch  square  and 
14  inches  long-,  numbered  and  broken.  There  were  eight 
rows  of  bars  with  eight  bars  in  each  row.  The  bars  from  the 
center  of  the  block  were  coarse,  open-grained  metal,  and  the 
strength  was  scarcely  more  than  one-half  the  strength  of  the 
bars  from  the  outer  section.  There  was  a  difference  of 
nearly  40  pounds  to  the  cubic  foot  in  weight  of  the  metal, 
as  determined  by  specific  gravity,  between  the  comparatively 
close-grained,  strong  bars  from  the  outer  section  and  the 
open-grained  bars  from  the  interior.  This  explains,  in  part, 
at  least,  the  tremendous  cooling  strains  in  cast  iron,  irre- 
spective of  the  actual  strength  of  metal,  which  can  be  re- 
lieved either  by  slow  cooling,  as  in  annealing  a  car  wheel, 
or  by  continued  vibrations  of  the  metal  while  cold. 

" '  The  largfe  test  block  referred  to  above  was  made  in 
1888.  The  result  of  tabulating  the  breaking  strains  of  the 
great  number  of  bars  cut  from  the  block  convinced  me  that 
the  attempt  to  draw  any  conclusions  regarding  cast  iron,  as 
ordinarily  employed,  from  the  breaking  strength,  shrinkage, 
etc.,  of  small  bars,  which  are  practically  uniform  in  texture, 
or  molecular  structure — owing  to  quick  cooling  of  the  metal 
— would  certainly  lead  to  grave  errors.  Abundant  proof 
of  this  has  since  been  given  to  the  world  in  various  publi- 
cations, and  more,  doubtless,  is  still  to  come.' " — Iron  Trade 
Review,  November  25,  1897. 

In  the  foregoing  remarks  I  have  referred  to  the  effect 
of  heat  treatment  on  gray  iron  exclusively,  but  Mr.  Webster 
asks,  "  Can  white  iron  castings  be  changed  to  good  gray 
iron  by  annealing  ?  If  so,  what  is  the  gain  in  strength 
over  corresponding  gray  iron  castings  produced  in  the  ordi- 
nary way?  " 

In  answer  to  this  I  would  say  that  about  twenty  years 
ago  the  curious  discovery  was  made  that  white  iron, 
forming  the  hard  wearing  surface,  or  "  tread,"  of  some 
chilled  cast-iron  car  wheels  which  had  been  accidentally 
overheated  in  an  annealing  pit,  had  been  completely 
changed  to  soft,  fine-grained,  dark  gray  iron,  by  the  heat 
treatment.     No  practical  use  was  made  of  this  discovery  at 
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that  time,  but  recently  the  principle  has  been  applied  com- 
mercially, with  success,  to  the  production  of  very  strong 
gray  iron  castings.  These  castings  are  made  originally  of 
white  iron,  subsequently  changed  to  the  gray  condition  by 
annealing,  and  tests  made  by  Riehle  Bros,  of  this  con- 
verted gray  cast  iron  show  remarkably  high  tensile  strength, 
ranging  from  50,000  to  67, 1 50  pounds  per  square  inch.  Axes, 
hatchets  and  other  cutting  tools  are  now  made  of  white 
cast  iron,  then  annealed  to  change  them  to  gray  iron  (with- 
out decarbonizing,  as  in  the  malleableizing  process)  and  sub- 
sequently hardened,  on  the  cutting  edge,  by  heating  and  sud- 
den cooling.  SucU  tools  are  now  sold  under  the  name  of 
"  steel  castings,"  but  this  is,  I  think,  clearly  a  misnomer. 
The  metal  is  not  steel,  neither  is  it  malleable  iron,  and  it 
may  be  defined  as  a  new  commercial  product  standing 
between  cast  iron  and  steel,  partaking  somewhat  of  the 
qualities  of  each.  In  this  process  the  heat  treatment,  or 
annealing,  has  changed  a  hard,  brittle,  white  cast  iron,  only 
fit  for  sash  weights,  into  an  exceedinglys  trong,  fine-grained 
machinable  metal,  suitable  for  many  valuable  purposes  and 
for  which  I  think  there  is  a  wide  field  of  usefulness  in  the 
future. 

In  reply  to  still  another  question  of  Mr.  Webster,  I  would 
say  that  the  grain,  or  texture,  of  gray  iron  in  small  castings- 
ma}^  be  very  materially  altered  by  slow  cooling.  For  ex- 
ample, I  have  found  by  actual  tests  that  light  castings  of 
thin  section,  made  in  a  mould  with  a  large  casting,  in  close 
proximity  thereto,  will  have  more  open  grain  and  will  be 
much  softer  than  similar  light  castings  poured  in  a  separate 
mould  from  the  same  iron.  There  are  other  ways  in  which 
the  same  effect  can  be  produced  by  prolonging  the  cooling 
of  the  metal  in  small  castings,  and  in  this  way  the  necessity 
for  annealing  such  light  castings  to  make  them  more  readily 
machinable  may  perhaps  be  obviated. 

Mr.  G.  H.  Clamer  : — Modern  metallography  is  rapidly 
solving  the  mysteries  presented  in  the  behavior  of  iron, 
steel  and  other  alloys.  By  the  aid  of  the  microscope  many 
facts  have  been  discovered  which  chemistry  could  not  ac- 
count for.     All  iron  carbon  alloys  show  peculiar  behaviors 
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under  the  influence  of  heat,  and,  if  allowed  to  cool  from  a 
point  above  the  melting  point,  will  show  at  least  one  so- 
called  critical  point,  at  which  degree  of  temperature  a 
wonderful  change  takes  place  in  the  interchange  of  the 
contained  elements  or  in  their  structural  arrangement. 
For  instance,  very  mild  steel  will  show  at  least  three 
such  critical  points,  each  indicative  of  an  important  change 
going  on  within  the  metal.  A  curve  representing  these 
changes  would  be  as  shown  in  Fig.  i. 

A  medium  hard  steel  shows  two  such  stops  in  the  cool- 
ing curve,  and  the  high  carbon  steels  but  one. 

All  steels,  according  to  modern  micrographic  researches, 
are  made  up  of  at  least  two  of  the  four  primary  struc- 
tural components,  which  have  been  termed  ferrite,  pear- 
lyte,  cementite  and  martinsite. 

Ferrite  is  iron  free  from  carbon,  but  not  necessarily  free 
from  other  elements. 


Ar,  Ar,  Ar, 

Pearlyte  is  a  mechanical  mixture  or  solid  solution  of  fer- 
rite and  cementite, 

Cementite  is  the  carbide  of  iron  Fe.j.C.  when  it  exists  in 
segregated  masses. 

Martinsite — the  true  nature  of  which  is  not  known — con- 
stitutes the  hardening  element  in  quenched  steels. 

When  steel  has  been  heated  above  the  critical  range,  the 
constituents  arrange,  or  perhaps  combine,  to  form  martin- 
site, and,  if  it  be  quenched  before  cooling  down  to  the  criti- 
cal range,  the  point  Arj  disappears  altogether.  On  the 
other  hand,  all  steels  which  have  been  slowly  cooled  below 
the  critical  range  contain  pearlyte  and  no  martinsite. 
Steels  above  '9  carbon  (the  saturation  point  of  carbon  and 
iron)  contain  cementite,  whether  quenched  above  Ar^  or 
slowly  cooled,  the  quenched  steels  consisting  of  margin- 
site  and  cementite,  and  the  slowly  cooled  pieces,  pearlyte 
and  cementite ;  but  never  can  pearlyte  and  martinsite 
occur  together. 
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Steels  below  'g  carbon,  slowly  cooled,  consist  of  ferrite 
and  pearlyte,  whilst  above  "9  carbon  consist  of  pearlyte 
and  cementite.  P^errite  and  cementite  can  never  occur 
together. 

With  a  knowledge  of  the  above  facts,  which  have  estab- 
lished a  basis  for  modern  metallographic  study  of  iron  and 
steel,  and  the  use  of  the  pyrometer,  I  think  many  of  the 
riddles  which  Mr.  Kreuzpointner  has  pointed  out  could  be 
satisfactorily  solved. 

Mr.  Francis  Schumann  called  attention  to  the  radical 
changes  that  had  been  introduced  in  modern  practice  in 
the  annealing  of  glass.  By  the  old  method  the  time  re- 
quired for  annealing  large  masses  of  glass  varied  from  56 
to  as  much  as  72  hours,  and  the  results  were  not  at  all  cer- 
tain. By  the  modern  methods  lately  introduced  the  an- 
nealing time  is  reduced  to  45  minutes,  and,  with  reasonable 
care,  the  results  are  uniformly  good. 

The  conditions  to  be  observed,  he  stated,  are  a  tolerably 
high  initial  temperature  of  the  mass  to  be  annealed,  and, 
especially,  a  uniform  rate  of  cooling.  In  this  last  condition, 
the  speaker  said,  lay  the  secret  of  success.  The  time  occu- 
pied in  cooling  is  found  to  be  of  little  importance  in  affect- 
ing the  quality  of  the  results,  but,  whatever  be  the  rapidity 
of  the  operation,  the  rate  at  which  the  successive  decre- 
ments of  heat  take  place  must  be  as  nearly  absolutely  uni- 
form as  possible  to  insure  a  successful  result. 

Mr.  Asa  W.  Whitney  : — My  experience  has  been  in  the 
regulation  of  mixtures  for  cast  iron  from  the  cupola,  cru- 
cible and  air  furnace.  The  few  problems  to  which  I  am 
prepared  to  direct  your  attention  do  not  appear  at  first 
sight  to  have  any  bearing  on  the  riddles  of  steel  with 
which  Mr.  Kreuzpointner's  paper  is  principally  concerned, 
but  when  the  great  range  of  compositions  included  under 
the  term  Cast  Iron  is  as  fully  investigated  as  is  now  the 
different  range  called  Steel,  these  riddles,  or  problems  with 
apj^arently  insufficient  data  for  their  solution,  will  doubt- 
less be  solved  as  well  as  others  have  been  for  immediately 
practical  purposes,  thereby  establishing  more  complete  rela- 
tions between  cast  iron  and  steel. 
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Referring  to  the  weakening  of  the  metal  of  cast-iron 
wheels  by  the  annealing  which  strengthens  the  wJieels,  my 
similar  tests  on  wheel  iron  bars  some  years  ago  confirm 
Mr.  Outerbridge's  statement.  Moreover,  the  difference  of 
•05  to  ■o'j  inch  per  foot  between  the  contraction  of  the  solid 
white  chilled  iron  and  of  the  solid  gray  iron  of  the  casting 
gives  some  idea  of  the  enormous  strain  which  must  be 
accommodated. 

I  have  here  a  small  specimen  representing  a  class  of 
phenomena  in  cast  iron  upon  which  Mr.  Kreuzpointner's 
quotation  on  page  6  from  Freiher  Jiiptner  von  Jornsdorf 
evidently  bears.  A  casting  from  a  mixture  intended  for 
soft  light  work,  in  this  case  about  f  inch  square,  has  a 
perfectly  white  core  about  -^-^  inch  square  surrounded  by  a 
close,  gray,  moderately  soft  iron,  the  demarcation  being  very 
sharp.  I  have  no  analysis  of  this  piece,  but  only  recently 
Mr.  W.  J.  -Keep  gives  the  following  partial  analysis  of  a  very 
similar  case  ("Stratified  Cast  Iron,"  in  The  Foundry,  Decem- 
ber, 1899,  p.  154): 

Gray  Part.  White  Part. 

Total  Carbon,  3-628  |  '=°"^,^-  ^'754  861 1  ^°°^^  2'554 

' -^         I  graph.  1-874  -5         \  graph.  1-307 

Silicon    .    .    .  2-846  2-742 

Manganese  .    .  —  -501 

In  neither  case  are  the  phosphorus  and  the  sulphur  given, 
and  the  manganese  is  given  only  in  the  white  part.  Had 
the  figures  for  these  elements  been  furnished,  the  percent- 
age of  iron  could  then  be  found  by  "  difference,"  as  usual, 
for  lack  of  a  more  exact  method.  Then  there  would  have 
been  something  to  figure  upon,  and  we  would  have  had  a 
problem  instead  of  a  riddle.  But  as  it  stands,  it  is  not  a 
fair  question  or  even  a  legitimate  riddle,  and  certainly  does 
not  warrant  Mr.  Keep's  answer,  "  The  chemical  analysis  of 
an  iron  will  not  indicate  its  physical  quality,  and  nothing 
will,  except  a  physical  test."  I  believe  that  study  on  a  few 
complete  analyses  of  such  cases  would  soon  discredit  such 
off-hand  statements,  and  show  how  a  very  small  calculated 
change  on  the  composition  of  the  charged  mixture  would 
obviate  such  a  trouble  in  castings  in  cases  where  a  change 
of  meltine  conditions  would  not  be  feasible. 
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In  my  contribution  to  the  subject  of  cast  iron  in  the 
Franklin  Institute  Journal,  K'^rW,  1897, 1  gave  some  instances 
of  this  phenomenon  in  charcoal  pig  iron,  with  full  analyses 
and  a  photogravure.  The  silicon  in  these  cases  was  below 
•2  per  cent,  in  both  the  white  and  the  gray  parts.  I  also 
referred  to  its  occurrence  with  silicon,  about  2-5  per  cent. 
In  Mr.  Keep's  instance  it  is  higher.  What  study  I  have 
put  on  this  matter  is  in  the  relation  of  the  iron  and  the  car- 
bon ;  with  the  result,  so  far,  that  in  the  white  part  the  ratio, 
or  possible  compound,  FcjC  is  more  nearly  approached  than 
in  the  gray  part  in  the  same  pig. 

Mr.  Keep's  crucible  remelt  of  the  white  part  alone  yielded 
a  casting  of  light  gray  fracture.  My  crucible  remelt  of  the 
whole  low  silicon  pig  made  a  casting  with  a  far  larger  white 
and  solid  core,  surrounded  by  gray  iron,  even  in  a  ^-inch  sec- 
tion. Having  in  mind  the  carbon  and  iron  relation  and  the 
total  oxidation,  these  apparentl}'  divergent  results  probablv 
correspond. 

The  case  of  reversal  of  ordinary  phenomena  just  cited 
is  really  but  a  step  beyond  this  other  case  illustrated  by 
these  two  solid  white  chilled  iron  samples  of  the  same  size 
on  the  table  before  you.  One  is  finely  crystalline,  and  may 
be  easily  drilled,  while  the  other  is  nearly  as  coarse  and 
fully  as  hard  as  spiegel,  and  from  appearance  iron  experts 
have  supposed  its  contents  to  be  from  5  per  cent,  to  15  per 
cent,  of  manganese.  Yet  the  manganese  in  the  hard  sam- 
ple is  but  '%  per  cent.,  and  in  the  soft  one  '35  per  cent.,  and 
the  difference  in  other  elements  is  also  correspondingly 
small.  This  result  was  intentionally  produced,  just  to 
show  the  great  difference  that  very  small  but  properly  cal- 
culated variations  on  melting  charges  will  effect,  the  other 
conditions  being  constant.  A  softer  chill  of  another  char- 
acter could  also  be  produced  by  other  changes,  the  manga- 
nese remaining  at  '8  per  cent. 

Just  to  indicate  that  many  of  the  so-called  riddles  which 
are  still  under  discussion  in  cast  iron  have  already  been 
commercially  solved,  I  show  here  one  of  thirty-three  sheets 
of  a  large  graphical  tabulation,  arranged  by  Mr.  Wm.  R. 
Webster,  in  1896,  of  physical  and  chemical  results  on  test 
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bars  of  wheel  metal  of  4  square  inches  sectional  area  and 
12  inches  long.  In  the  eighteen  tests  on  this  sheet,  repre- 
senting as  many  different  heats,  the  variation  in  transverse 
strength  is  but  r5  per  cent,  either  wa}^  from  the  average  of 
58,500  pounds  modulus  of  rupture  (or  3,260  pounds  on  a  i- 
inch  square  bar  12  inches  long).  The  variation  in  contrac- 
tion is  7'5  per  cent.,  and  in  resilience  12-3  per  cent,  from 
their  respective  averages.  '  But  the  lines  showing  the 
amounts  and  variation  of  iron,  carbon,  silicon,  manganese, 
phosphorus  and  sulphur  seem  to  be  wholly  irregular,  with 
the  exception  of  the  line  joining  the  amounts  of  iron  in 
these  eighteen  bars.  This  line  shows  an  approximate  rela- 
tion to  the  strength.  Had  this  tabulation  been  based  upon 
the  best  results  of  mixtures  made  in  the  old  way  by  refer- 
ence to  the  physical  tests  of  a  small  range  of  metal,  some 
such  range  of  chemical  analyses  would  have  resulted  and 
no  further  argument  would  have  been  thought  necessary  to 
discourage  any  attempt  to  control  mixtures  by  calculations 
on  chemical  analyses  of  a  wide  range  of  material  of  which 
no  physical  tests  would  be  known. 

But  the  latter  method,  including  reference  to  melting 
conditions  and  to  the  physical  tests  of  previous  heats, 
and  very  rarely  to  analyses  of  the  cast  metal,  has  given 
me  success  in  a  great  variety  of  mixtures  ever  since 
1889.  What  is  often  referred  to  as  a  riddle  in  cast  iron, 
namely,  the  fact  that  practically  equivalent  castings  do  not 
show  the  same  analyses,  has  in  my  practice  resolved  itself 
into  the  alhiost  daily  problem  of  producing  practically 
equivalent  castings  by  so  adjusting  the  melting  charges 
by  means  of  chemical  calculation  that  a  different  but  suit- 
able chemical  composition  will  result  in  the  casting.  This 
is  far  more  practicable  than  to  attempt  to  retain  one  com- 
position with  sufficient  exactness  in  spite  of  changes  in 
stock,  and  looked-for  modifications  of  melting  conditions. 
Though  the  method  is  often  very  laborious,  the  results  ex- 
ceed in  certainty,  quality  and  economy,  those  of  the  old 
method  which  attempts  to  avoid  riddles  and  chooses  to  pay 
for  being  consumed  by  them. 
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Mr.  H.  V.  WiLLE  : — No  doubt,  as  Mr.  Webster  has  stated, 
Mr.  Kreiizpointner  himself  could  have  solved  the  riddles 
enumerated  in  his  paper,  but  it  is  nevertheless  unfortunate 
that  the  title  "  riddles  wrought  in  iron  and  steel  "  should 
have  been  selected.  Such  a  title  can  only  serve  to  perpetu- 
ate the  erroneous  idea  of  the  mysterious  nature  of  some  of 
the  failures  of  steel,  the  causes  of  which  are  well  known  ; 
and  such  theories  can  only  serve  to  discredit  the  most  use- 
ful product  of  the  century.  It  is  only  too  true  that  theories 
of  this  nature  have  existed,  and  it  is  not  surprising  when 
we  review  the  development  of  the  iron  industries  with  spe- 
cial reference  to  the  determination  of  the  properties  of  the 
product.  Makers  of  iron  became  makers  of  steel,  and  it  is 
natural  that  they  should  apply  the  same  methods  for  gaug- 
ing the  qualities  of  the  new  product  that  were  applied  to 
the  old,  namely,  tension  and  bending  tests.  It  was  not  long 
before  they  learned  that,  in  place  of  globules  of  pure  iron 
incased  in  a  covering  of  slag,  they  were  dealing  with  a  com- 
plex chemical  compound,  and  it  was  found  necessary  to  ap- 
ply an  additional  measure  of  the  quality  of  the  product, 
namely,  the  determination  of  the  chemical  properties. 

During  recent  years  the  size  of  forgings  and  thickness  of 
plates  have  greatly  increased,  and  the  finishing  temperature 
of  the  plates  and  forgings  is  consequently  much  above  the 
average  range  of  temperatures  obtained  on  thinner  and 
smaller  plates,  so  that  manufacturers  and  consumers  are  now 
learning  that  in  the  physical  and  chemical  tests  they  only 
have  two-thirds  of  the  story,  and  that  it  is  impossible  to  solve 
many  of  the  metallurgical  problems  that  come  before  them 
on  these  insufficient  data.  They  are,  therefore,  confronted 
with  the  necessity  of  the  establishment  of  microscopical 
laboratories.  When  such  laboratories  become  more  general 
and  we  have  (i)  the  physical  properties  of  steel  as  shown 
by  tensile  strength,  elongation  and  reduction  of  area;  (2) 
the  chemical  properties  as  shown  by  the  analysis ;  (3)  the 
structure  as  shown  by  the  microscope,  we  will  then  have 
data  that  will  enable  us  to  trace  the  whole  history  of  a  piece 
of  material,  and  we  will  be  no  longer  confronted  with  such 
riddles  as  Mr.  Kreuzpointner  enumerates. 
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A  plea  has  been  made  for  uniform  methods  of  testing. 
This  is  all  very  well,  but  for  the  purpose  of  solving-  "  riddles  " 
it  is  much  more  important  to  have  a  uniform  system  of 
records  of  tests.  The  larger  number  of  steel  mills  keep  an 
entirely  separate  record  of  their  chemical  and  physical  tests. 
If  these  two  records  were  kept  in  parallel  column  it  would 
be  very  much  easier  to  trace  a  relation  between  the  chemis- 
try and  physics  of  the  steel.  Certain  results  in  tensile 
strength,  elongation  and  reduction  of  area,  when  considered 
alone,  may  appear  to  be  perfectly  normal,  but  may  be  quite 
abnormal  when  considered  in  connection  with  the  chemical 
analysis  and  dimensions  of  the  piece  from  which  the  speci- 
men was  cut. 

To  illustrate  the  value  of  such  a  system,  it  is  necessary 
to  cite  but  one  instance  of  its  advantage.  There  is  one 
manufacturing  establishment  that  does  not  believe  in  "  rid- 
dles," but  insists  that  all  failures  in  boiler  plates  are  due  to 
defective  material  or  improper  manipulation  in  the  shop. 
If  the  material  be  defective,  the  plate  is  returned  to  the 
manufacturer;  if  the  workmanship  be  at  fault,  the  plate  is 
charged  to  the  workman.  At  the  end  of  the  first  year,  when 
the  work  was  being  summarized,  it  was  noticed  that  90  per 
cent,  of  the  plates  that  failed  in  flanging  had  an  extremely 
low  manganese  content,  usually  associated,  in  basic  steel, 
with  low  phosphorus,  and  the  cause  of  the  trouble,  namely, 
oxidation  of  the  steel  after  the  phosphorus  had  been  almost 
completely  eliminated,  was  at  once  suggested  ;  the  low  man- 
ganese being  due  to  the  utilization  of  a  large  portion  of  this 
element  in  the  partial  reduction  of  the  oxide  of  iron  formed. 

The  necessity  of  annealing  has  been  referred  to  by  sev- 
eral speakers.  On  this  phase  of  the  subject  it  may  be  well 
to  point  out  that  general  and  indiscriminate  annealing  inay 
do  much  more  harm  than  good,  because,  unless  the  anneal- 
ing is  carried  on  with  proper  safeguards,  and  done  under 
trained  supervision,  the  danger  of  overheating  or  of  improper 
cooling  is  greatly  enhanced.  The  annealing  temperature 
should  be  predetermined  for  each  grade  of  steel,  and  a  self- 
registering  pyrometer  should  be  used,  so  that  if  this  tem- 
perature be  exceeded  those  in  charge  will  know.     Unless 
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these  safeguards  are  used  it  would  be  much  better  to  dis- 
pense entirely  with  annealing,  because  the  temperature  of 
the  piece  as  it  leaves  the  hammer  is  more  likely  to  be  nearer 
to  the  desired  temperature  of  a  hit-or-miss  annealing  fur- 
nace. In  addition  to  this,  if  the  temperature  of  the  anneal- 
ing  furnace  be  too  high,  usually  a  number  of  pieces  will  be 
injured,  while  if  the  finishing  temperature  be  too  high, 
usually  only  one  piece  will  be  injured.  For  these  reasons, 
in  the  present  state  of  the  art,  I  believe  that  the  unannealed 
product  of  the  average  forge  is  really,  in  general,  better  than 
the  annealed. 

The  same  statements  apply  in  a  modified  form  to  cast- 
ings. An  instance  recently  came  under  my  notice  of  cast- 
steel  wheel  centers  that  had  been  annealed. 

A.  test  piece  of  about  i  square  inch  area  was  attached 
to  a  spoke  of  about  8  square  inches.  When  the  test  was 
cut  off  and  pulled  it  gave  an  extremely  low  elongation,  a 
fracture  of  a  mealy  appearance  and  the  section  cracked 
in  various  portions  like  dried  cheese  ;  but  a  test  piece  cut 
from  the  spoke  itself  gave  a  good  elongation  and  a  silky 
fracture.  Here  we  have  an  instance  of  the  small  section 
of  metal  being  overheated  in  annealing,  whereas  the  large 
section  was  properly  heated.  This  is  an  extreme  instance, 
but  it  illustrates  the  danger  one  runs  and  the  care  that 
must  be  exercised  in  annealing  complicated  castings. 

Mr.  Kreuzpointner  : — The  author  regrets  having  been 
prevented  by  illness  to  personally  take  part  in  the  discus- 
sion of  his  paper. 

However,  he  desires  to  thank  Mr.  Webster  for  his  confi- 
dence by  saying  the  author  could  have  given  satisfactory 
explanation  of  his  "  Riddles  Wrought  in  Iron  and  Steel." 
Of  some  of  the  riddles  mentioned  he  might  have  been  able 
to  do  so,  of  others  he  could  neither  give  a  satisfactory  nor 
any  explanation  at  all. 

And  because  the  author  feels  that  he  does  not  yet  know 
all  about  iron  and  steel  he  put  his  paper  in  such  a  shape 
in  order  to  give  opportunity  to  others,  better  fitted  in  every 
respect  than  the  author  is,  to  enlighten  the  members  of  the 
Mining  and  Metallurgical  Section  and  not  hide  their  light 
under  a  bushel,  as  it  were. 
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Mr.  Webster  very  properly  gives  particular  emphasis  to 
the  effects  of  heat  treatment  of  iron  and  steel,  especially 
the  latter,  and  the  writer  cheerfully  supports  Mr.  Webster 
by  saying  that,  other  things  being  equal,  the  best  steel,  of 
whatever  grade,  can  be  made,  and  only  too  often  is  made, 
an  inferior  article  by  improper  heat  treatment,  while  on  the 
other  hand  an  inferior  steel  can  be  made  quite  acceptable 
by  proper  heat  treatment. 

The  reasons  why  are  a  riddle  to  the  author,  like  many 
other  phenomena  about  steel,  however  well  acquainted  we 
may  be  with  the  fact. 

Whenever  heat  treatment  of  steel  and  its  effects  receive 
that  careful  attention  which  the  importance  of  the  subject 
deserves  then  there  will  be  fewer  riddles  to  be  solved. 

The  author  has  followed  with  particular  interest  th$ 
remarks  of  Mr.  Whitney,  whose  extensive  metallurgical 
knowledge  and  experience  give  weight  to  whatever  he  says 
on  the  subject. 

Mr.  Whitney  rightly  perceives  in  segregation  the  dis- 
turbing factor  which  modifies,  and  too  often  nullifies,  the 
best  efforts  of  the  moulder  and  founder.  Not  a  few  un- 
solved and  unsolvable  riddles  in  metallurgy  are  due  to  this 
phenomenon  in  a  fluid  mass  of  an  alloy,  like  cast  iron  and 
steel,  for  its  component  parts  to  break  up  into  groups  on- 
cooling,  thus  disturbing  the  homogeneity,  and  hence  the 
uniformity  of  structure  of  a  metal. 

This  subject  of  segregation  offers  a  fertile  field  for  study 
and  experimentation. 

Mr.  Wille  may  be  right  in  wishing  the  author  to  have 
selected  another  title  for  his  paper.  However,  as  long  as 
engineering  societies  and  scientific  bodies  find  it  profitable 
and  necessary  to  discover  and  discuss  the  why  and  where- 
fore of  certain  metallurgical  phenomena  which  persist 
in  forcing  themselves  upon  the  engineer's  and  steelmaker's 
and  founder's  attention,  often  to  their  sorrow,  the  choice  of 
title  does  not  amount  to  much. 

Steel  is  recognized  nowadays  as  such  a  valuable  and 
indispensable  metal  by  the  engineer  that  neither  the  few 
cocksure  nor  the  excessively  timid  can  affect  its  standing 
in  the  future. 
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The  author  has  fought  for  steel,  defended  steel,  pointed 
out  its  valuable  properties  and  qualities  and  predicted  its 
triumph  over  wrought  iron  many  years  ago  at  a  time  when 
many  of  its  present  admirers  were  either  doubtful  or 
directly  opposed  to  the  use  of  steel  for  purposes  for  which 
nothing  else  is  used  now. 

Yet,  notwithstanding  there  is  hardly  an  engineer  nowa- 
days who  would  not  use  steel  as  a  structural  material  for 
most  purposes,  we  still  have  to  learn  a  good  deal  about  its 
properties  and  qualities,  as  Mr.  Wille  rightly  points  out, 
and  the  ever-increasing  variety  of  purposes  for  which  steel 
is  used,  and  new  or  changed  methods  of  production,  for- 
ever opens  new  opportunities  for  necessary  study  and 
investigation,  with  consequent  discussion. 

Mr.  Clamer's  enthusiasm  about  the  value  of  metallography 
is  inspiring  and  well  founded.  There  is  no  doubt  scientific 
metallurgy  owes  a  great  deal  to  the  microscope. 

The  practical  usefulness  can  likewise  hardly  be  gainsaid, 
provided  the  operator  has  the  indispensable  advantage  of  a 
never-failing  source  of  all  kinds  of  old,  worn-out  or  broken, 
and  new  material  of  various  descriptions  for  everlasting  com- 
parison. Then  the  work  with  the  microscope  can  be  made 
really  useful.  Metallography  is  too  recent  a  science  to 
enable  us  as  yet  to  say  what  its  final  status  will  be  in  the 
realm  of  applied  metallurgy. 

While  there  seems  to  be  no  analogy  between  glass  and 
steel,  yet  Mr.  Schumann  happily  furnishes  us  with  the  anal- 
ogy of  certain  properties  of  these  widely  different  substances 
by  calling  our  attention  tothe  necessity  of  the  slow  and  grad- 
ual cooling  of  annealed  glass,  which  necessity  applies  with 
equal  force  to  steel  of  all  grades.  Slow  cooling  of  annealed 
steel  is  one  of  the  essentials  of  proper  annealing. 

The  author  feels  himself  honored  to  be  able  to  remark 
on  the  discussion  of  his  paper  by  such  a  past  master  of  prac- 
tical metallurgy,  notably  of  cast  iron,  as  is  Mr.  Outerbridge, 
Jr.  How  well  Mr.  Outerbridge  has  mastered  the  intricate 
properties  of  cast  iron  is  shown  by  his  pointing  out  that  the 
releasing  from  its  casting  strains  of  an  iron  casting  does  not 
necessarily  mean   a  strengthening   of   the    cohesive    force 
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which  holds  the  particles  together,  nor  a  hardening  of  the 
individual  particles,  or  crystals. 

An  unannealed  car-wheel  would  not  be  safe,  though  the 
individual  particles  may  be  harder  and  more  unyielding  than 
those  of  an  annealed  wheel.  But  the  percentage  of  elements 
in  cast  iron,  other  than  pure  iron,  are  considerable,  and  the 
changing  of  their  form,  due  to  the  annealing,  probably 
tends  to  loosen  not  only  the  cohesion  between  the  particles, 
but,  by  deduction,  also  softens  the  latter. 

This  larger  percentage  of  foreign  elements  in  cast  iron 
over  cast  steel  is  very  likely  also  the  cause  of  the  fact  that 
the  size  of  an  iron  casting  has  a  great  deal  to  do  with  its 
final  quality  and  suitableness  for  the  purpose  intended, 
while  the  absence  of  the  largest  percentage  in  cast  steel 
of  the  foreign  elements  found  in  cast  iron  eliminates  this 
marked  difference  between  large  and  small  castings,  as 
found  in  cast  iron. 

Altogether,  it  appears  to  the  author  as  if  the  discussion 
had  emphasized  the  need  for  future  study  of  the  heat-treat- 
ment of  steel,  of  the  value  of  uniform  methods  of  testing,  of 
the  use  of  the  microscope,  and  of  segregation. 
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INCANDESCENT  LAMPS. 


By  Francis  \V.  Willcox. 


( Continiied  from  p.  2g8.) 


THE    WIDENED   FIELD    OF   LAMP    USE,    ETC. 

An  entirely  new  and  broad  field  was  opened  to  lighting 
with  the  birth  of  electric  light.  Previously  there  was 
merely  light — with  electricity  came  illumination.  Before 
the  dynamo,  light  was  used  simply  for  necessity — hand  in 
hand  with  the  incandescent  bulb  came  lighting  for  display, 
for  ornament,  for  attractive  effects. 
Vol.  CXLIX.    No.  893.  23 
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The  beautiful  lighting  display  of  the  World's  Fair,  or  more 
recently  of  the  Omaha  Exposition  (the  latter  the  most  beauti- 
ful and  best  example  of  incandescent  illumination  the  world 
has  ever  known),  are  a  development  and  result  made  possi- 
ble only  with  the  electric  light. 

The  adaptability  of  electric  light  and  the  special  effects 
and  results  possible  produced  numbers  of  special  applica- 
tions which  are  well  illustrated  in  lamps  by  the  numerous 
special  types  now  available.  The  first  lamps  were  simple, 
plain  multiple  lighting  lamps  of  about  13  candle-power. 
The  first  extension  was  into  other  candle-powers,  such  as 
the  32,  the  50,  the  100  and  150  and  even  300  candle-power. 
Then  the  coloring  and  frosting  of  the  glass  gave  a  variety 
of  effects.  Next  followed  the  miniature  lamps.  The  first 
of  these  were  battery  lamps,  made  in  1883,  for  decorative 
lighting,  at  a  Vanderbilt  ball  in  New  York.  A  large  field 
was  opened  with  this  type.  We  now  have  the  surgical 
lamp  used  to  illuminate  the  interior  of  a  person's  anatomy, 
the  dental  lamp,  the  microscope  lamp,  the  kinetoscope  lamp, 
the  bicycle  lamp,  the  miner's  lamp,  the  railway  carriage 
lamp,  and  among  the  latest  applications,  the  automobile 
lamp  and  the  telephone  lamp.  This  last  is  of  special 
interest,  and  reveals  the  adaptability  of  the  lamp  to  new 
purposes.  To  replace  the  sound  or  ear  signal  in  telephone 
exchanges  by  the  visual  signal  of  a  lighted  lamp  is  a  most 
original  and  valuable  idea.  These  battery  lamps  are  made 
in  all  shapes  and  sizes,  pear-shaped,  spherical  and  flat,  from 
the  size  of  the  standard  16  candle  down  to  the  pea  lamp,  no 
larger  than  a  fair-sized  pea — in  candle-power  from  ^  of  a 
candle  to  24  candles,  in  voltage  from  3  to  45  volts,  and  in 
economy  from  2^  watts  per  candle  to  6  watts. 

The  unique  character  of  miniature  battery  lamps  for  in- 
terior decorative  effects  prompted  the  production  of  minia- 
ture lamps  that  could  be  burned  on  the  regular  lighting 
circuits.  These  were  produced  to  burn  in  series.  These 
are  what  are  called  the  series  miniature  lamps,  and  are  most 
widel)'-  used  for  candelabra  lighting,  for  electric  signs  and 
for   decorative  effects,  for   interior  and  out-of-doors,  among 
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flowers  and  shrubber}^  where  a  large  number  of  units  of 
light  covering  a  large  area  are  desired.  The  theatrical 
lamp,  used  for  special  stage  effects  and  decorating  dancers, 
is  one  of  this  class.  They  run  in  candle-power  from  i  to  10 
candle-power,  and  in  various  shapes,  the  twisted  flame  effect, 
the  tubular,  conical,  bean-shaped  and  pear-shaped. 

Series  lamps,  burning  on  regular  lighting  circuits,  have 
of  late  years  been  a  thorn  in  the  side  of  the  underwriters, 
and  their  rules  and  restrictions  have  resulted  in  the  produc- 
tion of  candelabra  and  miniature  lamps  adapted  to  burn  in 
multiple  on  regular  100-125-volt  circuits.  This  was  quite 
an  achievement  in  lamp  manufacture,  for  many  years  con- 
sidered impossible.  Such  lamps  are  in  successful  use,  and 
to-day  they  have  enlarged  the  field  and  application  of  min- 
iature lamps  and  sign  lighting. 

A  bank  of  incandescent  lamps  has  always  served  as  an 
excellent  form  of  resistance.  This  has  resulted  in  the  pro- 
duction of  the  resistance  lamp,  a  type  largely  used  in  con- 
nection with  telegraph  work.  They  are  made  of  any  desired 
resistance  up  to  1,000  ohms  cold  resistance  for  use  with 
moderate  currents,  and  are  placed  in  tubular  bulbs  so  as  to 
minimize  space.  The  desirability  of  having  a  lamp  that 
could  be  turned  down  brought  out  the  Edison  night  lamp, 
in  which  two  filaments  burn  in  series  to  give  a  dim  light  of 
about  I  candle.  By  the  turn  of  a  small  thumbscrew,  one  of 
these  filaments  is  cut  out  and  the  other  burns  at  full  16 
candle-power. 

For  stereopticon  work  the  incandescent  lamp  is  particu- 
larly well  suited.  A  special  lamp  has  been  designed  for 
this  work,  having  a  compact  filament  wound  so  as  to  make 
as  near  as  possible  a  center  or  point  of  light.  These  are 
made  standard  at  50  candle-power,  but  higher  candle-powers 
are  obtainable. 

For  examining  cask  interiors,  brewers  and  barrel  clean- 
ers require  a  long  thin  lamp  that  the)-  may  thrust  through 
the  bunghole  and  light  up  the  interior  of  a  cask.  Hence 
the  tubular  or  bunghole  lamp,  which  is  useful  for  confined 
or  narrow  places.     It  has  recently  been   adapted  with  con- 
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siderable  success  for  lighting  the  interior  of  counter  show- 
cases. 

In  decorative  work,  lighting  show  windows,  etc.,  a  short 
bulb  is  frequently  desirable,  and  this  has  produced  the 
round  bulb  type. 

The  buoys  of  New  York  Harbor  are  lighted  by  elec- 
tricity, and  for  this  work  a  special  type  of  lamp  was  devised 
with  permanent  wire  connections  made  through  a  water- 
tight dummy  base. 

The  United  States  navy  requires  a  number  of  special 
types.  All  the  regular  Navy  Cruiser  lamps  are  80  volts,  and 
in  special  shaped  bulbs.  Then  there  is  the  navy  signal  lamp, 
a  small  lamp  designed  for  quick  lighting  and  extinguishing 
for  signal  work  at  night ;  also  the  torpedo  lamp,  instrument 
lamp  and  binnacle  lamp.  Unique  and  most  interesting  is 
the  navy  diving  lamp,  for  use  under  water  by  divers.  This 
is  made  of  specially  heavy  thick  glass,  and  protected  from 
any  damage  from  water  or  shock. 

The  European  lamps  are  made  in  much  smaller  bulbs 
than  are  standard  lamps  in  this  country,  so  for  the  foreign 
trade  a  new  lot  of  specialties  are  required. 

The  adoption  of  electricity  for  street  railways  has  made 
a  large  demand  for  a  type  of  lamp  suitable  for  car  lighting 
and  running  in  series  on  the  500-volt  railway  circuit. 

One  of  the  latest  and  most  interesting  lamp  specialties 
is  the  reflector  lamp.  This  is  made  in  a  pumpkin-shaped 
bulb,  of  which  the  top  side  is  covered  with  a  silvered  coat- 
ing forming  a  perfect  reflector.  This  makes  a  lamp  of 
special  value  for  a  reading  or  desk  lamp,  or  wherever  the 
use  of  reflectors  is  required.  The  candle-power  is  concen- 
trated in  one  direction  to  a  threefold  degree.  Thus  a 
normal  16  candle-power  lamp  in  this  special  type  will  give 
about  50  candle-power  in  a  downward  direction. 

Let  us  sum  up  and  see  how  many  varieties  of  lamps  are 
required  from  the  lamp  manufacturer  to-day. 

In  regular  multiple  lamps  we  have  nine  different  candle- 
powers,  and  three  different  economies,  and  at  least  six 
different  bases.     Here  are  162  types.     In  voltages  we  have 
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at  least  fifty  regular  types,  which  multiplies  the  number  of 
types  to  8,100. 

These  may  be  frosted,  or  any  color — red,  blue,  green,  amber 

or  opal,  which  multiplies  results  by  six,  giving  48,600  types,  48,600 

Now  taking  the  Round  Bulb  we  find  varieties  are 21,000 

The  tubular 21,000 

Stereopticon 900 

Resistance  lamp  (at  least) 1,000 

Multiple  candelabra 500 

Series  candelabra 500 

Special  series  (about) 500 

Regular  battery 40,000 

Special  battery  (at  least) 500 

Navy  lamps  (about) 100 

Foreign  lamps  (about) lo.ouo 

Reflector  lamp  (about) 2,000 

Night  lamp  (about) 400 

Series  lamps  for  alternating  and  arc  circuit 100 

Total 147,100 

From  the  above  we  see  the  immense  increase  of  types 
caused  by  the  specializing  of  any  one  feature;  for  example,  a 
special  bulb,  a  special  shape  of  filament,  or  a  special 
efficiency.  In  regular  multiple  lighting  lamps,  we  add  a 
thousand  or  more  types  with  each  change  to  specials. 

BETTER    UNDERSTANDING    OF    LAMPS,    ETC. 

In  early  days  the  consideration  for  a  lamp  was  simply 
that  it  should  burn — the  longer  the  better  (so  it  was  con- 
sidered), irrespective  of  how  much  loss  of  light  the  lamp 
had  suffered.  No  questions  were  asked  as  to  the  correct- 
ness or  variation  of  candle-power  or  the  limits  of  power 
consumed — in  fact,  the  irregular  voltage  and  absence  of 
meters  rendered  it  comparatively  unimportant. 

The  first  subject  on  which  customers  sought  information 
was  the  power  consumed  by  the  lamp.  A  great  amount  of 
attention  was  directed  to  this  feature,  on  account  of  the 
fact  that  dynamos  were  rated  and  sold  by  the  number  of 
lamps  they  could  serve,  and  therefore  a  high  economy  lamp 
helped  to  increase  the  capacity  of  every  dynamo.     With 
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the  introduction  of  the  3-watt  lamp  the  question  of  mere 
initial  efficiency  became  paramount.  The  real  important 
feature,  the  amount  of  light  given  by  a  lamp,  was,  however, 
ignored  or  considered  only  in  connection  with  its  initial 
rating. 

The  manager  of  one  of  the  large  Edison  stations  actu- 
ally stated,  several  years  since,  that  he  refused  to  believe 
his  lamps  ever  changed  in  candle-power. 

It  is  singular,  when  we  consider  it,  how  long  it  has  taken 
lighting  companies  to  understand  the  real  essentials  of  a 
lamp.  For  years  lamps  were  used  as  mere  power-consum- 
ing devices — the  light  they  gave  was  a  secondary  considera- 
tion. Some  attention  was  called  to  the  fact  that  lamps  lost  in 
candle-power  while  in  service,  but  little  heed  was  paid 
thereto.  Many  thought  it  a  ruse  on  the  manufacturer's  part 
to  dispose  of  more  lamps,  or  if  any  considered  subject  at 
all  seriously,  they  concluded  it  was  a  slight  matter  at  most 
and  decided  to  leave  bad  enough  alone. 

It  has  taken  years  to  bring  home  the  real  considerations 
to  electric  lighting  companies.  These  considerations  are 
that  a  lamp  is  primarily  designed  and  used  to  give  light — 
that  lighting  companies  are  in  the  business  of  making  and 
selling  light,  not  power — and  that  the  lamp  is  the  chief 
essential  of  the  lighting  system. 

Perhaps  much  of  the  blame  for  this  lack  of  under- 
standing can  be  laid  to  gas  practice.  Electric  lighting  has 
very  naturally  followed  the  principles  and  practice  of  the 
gas  business.  Gas  fixtures  and  burners  were  supplied  by 
the  consumer,  hence  in  electric  lighting  lamps  should  like- 
wise be  supplied,  i.  e.,  purchased  and  renewed  by  the  con- 
sumer. Gas  tips  were  replaced  only  when  broken,  hence 
electric  lamps  should  be  used  until  they  were  burned  out. 
The  error  of  thus  paralleling  gas  practice  becomes  evident 
when  the  difference  in  the  conditions  affecting  each  business 
is  considered.  In  the  gas  business  the  quality  and  char- 
acter of  the  light  is  dependent  upon  the  quality  of  the 
gas — the  old  burner  or  tip  (so  long  as  it  was  not  fouled) 
did  not  affect  the  result,  and  as  these  tips  suffered  little  or 
no  deterioration,  there  was  no  need  of  ever  replacing  them. 
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Mark  the  difference  in  the  case  of  the  electric  light.  Here 
the  quality  of  the  light  (with  voltage  uniform)  is  not  de- 
pendent upon  the  current — but  upon  the  burner,  i.  e.,  the 
lamp.  Lamps  upon  the  same  circuit  can  be  found  that  give 
markedly  different  results  in  light ;  moreover,  the  same  lamp 
under  same  voltage  will,  when  old,  give  but  a  fraction  of 
the  light  it  gave  when  new.  These  are  well-attested  facts, 
which  clearly  show  that  much  in  electric  lighting  depends 
upon  the  burner  and  in  gas  practically  nothing.  Hence, 
what  might  be  good  practice  for  gas  is  entirely  wrong  for 
electric  lighting. 

Recognition  of  these  principles  has  caused  the  leading 
electric  light  companies  to  make  the  lamp  a  part  of  the 
apparatus  owned  and  installed  by  the  station.  They  have 
taken  lamps  out  of  the  hands  of  the  customer  and  supply 
all  that  are  used  on  a  free  renewal  basis.  This  prevents  the 
customer  from  depreciating  results  and  balking  the  efforts 
of  the  central  station  management  to  give  a  good  service, 
as  poor  lighting  is  an  inevitable  result  where  the  customer 
buys  and  renews  his  lamps. 

This  is  one  reason  why  electric  lighting  in  the  United 
States  is  so  much  in  advance  of  the  service  abroad.  In 
continental  Europe  the  lamps  are  peddled  out  to  customers 
of  lighting  companies  by  hardware  stores,  chandler  shops 
and  such.  This  not  only  renders  a  poor  lighting  service, 
but  retards  improvement  in  the  art  of  lamp  making.  Under 
such  conditions  of  supply  and  use  of  lamps,  the  lamp  that 
is  the  cheapest  and  that  will  last  longest  is  prized.  This 
is  almost  invariably  the  lowest  grade  of  lamp,  and  there 
exists,  therefore,  no  incentive  to  the  manufacturer  to  advance 
in  his  art.  Relegating  lamps  to  the  hands  of  the  customer 
always  puts  a  ban  upon  quality.  The  control  and  supply  of 
lamps  by  the  lighting  station  on  the  contrary  puts  a  premium 
upon  quality.  It  is  this  excellent',  wise  and  far-seeing  policy 
on  the  part  of  the  leading  companies  of  the  United  States 
which  has  advanced  their  electric  service  and  development 
beyond  all  other  countries,  and  has  aided  the  American 
manufacturer  to  produce  an  incandescent  lamp  that  sur- 
passes any  in  the  world. 
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Nevertheless,  knowledge  of  lamp  essentials  and  correct 
use  is  not  as  widespread  as  it  should  be  in  the  United 
States.  There  are  hundreds  of  lighting  companies  in  all 
parts  of  the  country  who  are  ignorant  of  or  indifferent  to  a 
proper  understanding  of  the  subject.  They  will  properly 
attend  to  the  repair  of  boilers,  engines  or  dynamos  and  all 
apparatus  but  that  of  the  lamps,  forgetting  that  the  deterior- 
ation of  the  latter  affects  their  service  more  noticeably  and 
directly  than  any  other  cause.  Enormous  as  is  the  con- 
sumption of  lamps  to-day,  it  is  not  half  as  large  as  it  should 
be  or  would  be  were  the  proper  and  economical  use  of 
lamps  observed  by  all  lighting  plants. 

At  the  present  low  price  of  lamps,  the  cost  of  600  hours 
to  1,000  hours  of  service  is  from  eight  to  ten  times  the 
value  of  the  lamp,  and  renders  it  economical,  therefore,  to 
the  highest  degree  to  use  the  highest  efficiency  possible  and 
replace  lamps  frequently,  since  it  is  evident  that  the  value 
of  the  current  consumed  by  the  lamp  soon  eats  up  the  value 
of  several  lamps. 

Byron  says : 

"  Better  five  hundred  hours  of  glorious  life 
Than  a  thousand  dimly  lit     .     .     .   " 

and  this  is  the  ethics  of  lamp  economy  and  service  to-day. 

Numbers  of  papers  and  discussions  have  treated  on  the 
subject  of  the  lamp  efficiency  most  economical  for  a  given  set 
of  conditions  and  of  the  most  economical  life  of  lamps.  All 
such  discussions  have  their  value,  but  the  difficulty  of 
applying  formulae  to  the  varied  and  constantly  changing 
conditions  of  different  stations  has  limited  their  adoption 
in  practice. 

The  present  method  is  to  follow  a  few  simple  rules  for- 
mulated from  the  limiting  conditions  of  practice. 

The  general  rule  as  to  efficiency  of  lamps  is  to  use  the 
highest  practical  efficiency  suitable  to  the  regulation.  This 
gives  the  maximum  station  capacity  in  number  of  lamps 
and  minimum  cost  of  light  to  public. 

As  regards  life,  the  leading  practice  is  to  limit  the  service 
of  lamps  to  what  is  called  their  useful  life.     The  useful  life 
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is  the  period  of  time  a  lamp  burns  until  it  loses  20  per  cent, 
of  its  candle-power — for  example,  the  time  required  by  a 
16  candle-power  lamp  to  drop  to  12^^  candle-power. 

This  period  is  known  for  any  given  economy  or  make  of 
lamp  averaging  to-day  above  400  hours  for  the  best  3"i-watt 
100-125-volt  lamps.  The  practical  service  method  then  is 
to  renew  lamps  frequently  enough  to  keep  the  average  life 
within  this  limiting  number  of  hours. 

By  periodical  renewals  of  lamps  on  this  basis  the  light- 
ing service  is  kept  as  clean  and  bright  as  a  room  that  is 
regularly  swept  and  cleaned. 

ADVANCE   IN    METHODS    OF   LAMP   TESTING. 

A  correct  understanding  of  lamps  is  obtainable  chiefly 
through  correct  methods  of  test,  and  it  is  therefore  of 
highest  importance  that  the  principles  of  correct  testing 
should  'be  thoroughly  known  and  carefully  observed.  This 
is  rendered  still  more  important  when  we  consider  the 
numerous  chances  for  error  possible  in  the  testing  of  lamps. 
There  is  hardly  any  practical  testing  work  where  persons 
with  the  best  intentions  but  not  thoroughly  conversant 
with  the  subject  are  as  apt  to  obtain  discordant  or  mis- 
leading results. 

It  is  gratifying  to  observe  the  growth  of  understanding 
on  this  subject,  especially  in  the  last  two  or  three  years. 

Not  more  than  eight  years  ago  a  paper  was  read  before 
the  Institute  of  Electrical  Engineers  giving  an  account  of 
a  lamp  test  as  then  conducted.  It  throws  an  interesting 
light  on  the  lack  of  understanding  thereon.  In  this  test 
lamps  of  varied  efficiencies  running  from  3^  to  4^  watts  per 
candle  were  compared  with  one  another  in  a  life  test  with- 
out any  allowance  being  made  for  this  variation  of  efhciency. 
Further,  results  were  considered  chiefly  as  affecting  the  life 
of  the  lamps,  and,  although  candle-power  readings  were 
taken,  they  were  not  reduced  to  percentages  or  any  proper 
comparative  basis. 

This  was  on  a  footing  with  testing  a  lot  of  ropes  of  vary- 
ing diameters  by  loading  them  all  with  the  same  weight 
and  choosing  those  ropes  as  best  that  failed  to  break,  irre- 
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spective  of  size  of  their  diameter.  In  another  instance  a 
prominent  professor  of  electrical  engineering-  attempted  to 
prove  the  value  of  so-called  improvement  in  exhaustion  by 
comparing  32  candle-power,  50-volt  lamps  thus  exhausted 
with  16  candle-power,  lOO-volt  lamps  made  in  regular  way. 
As  a  32  candle-power  lamp  is  naturally  better  than  16  candle- 
power,  and  likewise  50  volts  better  than  100,  the  error  of 
this  course  becomes  evident  at  once. 

I  desire  to  conclude  this  paper  by  a  discussion  of  some 
of  the  features  of  lamp-testing,  the  latest  methods  of  test, 
methods  of  determining  and  comparing  the  values  of  lamps 
and  say  a  few  words  in  regard  to  specifications  and  guaran- 
tees. 

A  lamp  test  can  be  said  to  be  conclusive  only  when  (i) 
the  average  product  of  each  manufacturer  is  taken,  and  not 
specially  selected  lamps ;  (2)  when  a  sufficient  number  of 
lamps  are  tested  to  secure  a  correct  average  result;  ("3)  when 
the  principles  of  correct  testing  are  carefully  observed,  and 
(4)  when  the  test  is  continued  long  enough  to  bring  out  the 
qualities  of  a  lamp. 

Modern  methods  of  test  cover  three  general  features : 

The  physical  examination  for  vacuum,  defects  in  filament, 
and  mechanical  parts  of  the  lamp. 

The  initial  test  for  correctness  of  rating  in  candle-power 
and  wattage  at  the  rated  voltage. 

The  life  and  candle-power  performance  test. 

It  is  strange  that  the  first  two  of  these  features  of  test 
were  never  formerly  used.  They  are  as  necessary  as  the 
physical  examination  of  the  soldier  to  determine  fitness  for 
duty. 

A  lamp  that  cannot  pass  muster  under  physical  require- 
ments should  never  be  accepted. 

The  effects  of  poor  vacuum  or  of  defective  filaments  are 
vital  and  far-reaching.  Their  elimination,  therefore,  be- 
comes of  the  highest  importance. 

Poor  vacuum  results  in  the  production  of  what  are  known 
as  slumpers,  /.  e.,  lamps  that  decline  in  candle-power  rapidly 
and  within  a  few  hours — a  most  objectionable  type.  The 
test    for  vacuum  is  made  with  an  induction  coil  drawing: 
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about  a  f -inch  spark.  By  touching-  the  base  of  the  lamp  to 
one  of  the  secondary  terminals  of  this  coil  a  glow  or  fluor- 
escence is  caused  inside  the  lamp.  A  well-exhausted  lamp 
will  either  show  no  glow  at  all,  or  a  slight  flash  or  fluores- 
cence. 

Filaments  are  subject  to  a  defect  known  as  spots.  This 
is  a  thin  spot  or  a  point  of  high  resistance  in  the  filament. 
By  burning  the  lamp  dull  red  these  spots  are  seen  very  dis- 
tinctly. This  spot  is  a  weakness  in  the  carbon  and  will 
cause  it  to  burn  out.  Spots,  therefore,  are  very  serious 
faults,  as  they  cause  early  breakage  and  shorten  the  life  of 
lamps.  Tests  for  this  defect  can  readily  be  made  by  burn- 
ing the  lamps  two  in  series.  The  spots  will  show  up  as 
bright  points  against  the  dull  red  of  the  filament. 

Another  serious  fault  in  filaments  is  discolored  carbons. 
A  good  treated  carbon  has  a  uniformly  bright,  shiny  steel 
gray  surface  over  its  entire  length.  A  discolored  carbon 
shows  up  a  sooty  black  or  brownish  oily-looking  surface, 
either  partly  or  wholly  covering  the  filament.  Such  discol- 
oration causes  a  rapid  loss  of  candle-power,  a  most  undesira- 
ble result.  They  can  be  detected  by  an  eye  examination  of 
the  filament  by  light  (filament  not  burning). 

In  some  makes  of  lamps  tested  the  percentage  of  physi- 
'  cal  faults  has  been  found  to  be  over  100  per  cent.  Numbers 
of  barrels  of  different  makes  tested  showed  an  average  of 
fifty  lamps  to  the  barrel  with  discolored  carbons.  In  another 
make  thirty-two  lamps  with  bad  vacuum  were  found  in  one 
barrel. 

The  value  of  a  physical  inspection  is  unquestionable.  It  is 
also  a  ready  means  for  the  early  detection  of  the  incompetent 
or  careless  manufacturer  and  the  rejection  of  poor  lamps, 
thus  saving  time  and  trouble  of  any  further  test. 

It  should  be  an  invariable  rule  in  the  purchase  of  lamps 
to  reject  any  lot,  samples  from  which  are  shown  on  test  to 
contain  10  per  cent,  of  any  of  these  defects. 

CORRECT  INITIAL   RATING    OF  CANDLE-POWER    AND  WATTAGE. 

The  value  of  close  and  uniform  rating  has  only  been  ap- 
preciated in  recent  years.     Of  course  it  was  not  desired  to 
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have  lamps  very  low  in  candle-power,  but  no  objection  was 
made  as  long  as  the  variation  was  not  more  than  the  eye 
could  detect  (about  3  or  4  candle-power).  For  lamps  to  run 
high  in  candle-power  was  by  many  considered  as  very  de- 
sirable, and  one  manufacturer  used  to  urge  it  as  an  advan- 
tage with  his  lamps  that  his  16  candle-power  lamps  gave 
more  light  than  any  other,  and  there  was  no  doubt  about  it; 
some  of  his  16  candle-power  lamps  ran  as  high  as  30  candle- 
power. 
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Fig.  2. — Target  diagram  showing  initial  measurements  at  marked  voltage  of 
100  lamps,  rated  as  i6  candle-power,  50-watt  lamps. 

For  many  years  lamps  were  selected  for  watts,  but  the 
candle-power  was  allow^ed  to  wander  over  a  considerable 
range.  As  the  only  testing  instrument  generally  available 
was  a  wattmeter,  skimping  in  candle-power  passed  unno- 
ticed. This  resulted  in  selling  lamps  for  one  efficiency 
which  were  really  of  a  much  lower  efficiency,  and  there  was 
no  end  of  false  conclusions. 

With  the  introduction  of  the  photometer,  especially  the 
portable  photometer,  most  of  this  trouble  ceased. 

The  importance  of  a  close  and   uniform   rating   is   very 
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great.  We  can  consider  the  value  of  it  in  a  more  interest- 
ing way  by  an  examination  of   some  results  of  initial  tests. 

A  very  clever  way  has  been  devised  of  diagraming  the 
results  of  initial  test.  (See  F(q-s.  2,  j  and  ^.)  This  is  called 
the  target  diagram  method.  By  plotting  the  candle-power 
as  ordinates  and  the  watts  as  abscissae,  we  have  a  graphic 
means  of  delineating  accurate  marksmanship  (or  the  ab- 
sence of  it)  in  lamp  manufacture.  The  center  of  diagram, 
or  bull's  eye,  is  made  the  intersection  of  the  16  candle-power 
line,  and  the  50-watt  line  (in  case  of  16  candle-power  3*i-watt 
lamps).  The  readings  taken  upon  each  lamp  of  a  lot  tested 
are  plotted  by  placing  a  dot  at  the  intersection  of  the  corres- 
ponding candle-power  and  watts  line,  and  in  this  way  the 
entire  number  tested  are  plotted.  The  rectangle  drawn 
shows  the  limiting  specifications  for  good  lamps.  The  diag- 
onal lines  shown  give  the  watts  per  candle. 

The  diagram,  Ftg:  2,  gives  the  result  of  an  initial 
test  on  100  lamps,  which  were  sold  for  16  candle-power 
50-watt  lamps  at  116  volts.  The  lamps  average  about  right 
in  candle-power  and  watts,  but  scatter  considerably  out- 
side the  limiting  rectangle.  In  Ftg:  j  we  have  100  more 
of  the  same  make  of  lamps.  The  difference  between 
these  two  lots  is  that  this  last  is  a  lot  purchased  in  the  open 
market,  while  the  former  lot  was  a  special  one  direct  from 
the  manufacturer.  This  illustrates  the  difference  between 
special  and  regular  lamps,  and  the  need  of  the  precaution 
in  regard  to  securing  the  average  product  for  a  test.  An 
examination  of  diagram.  Fig:  j,  will  serve  to  show  the  value 
of  correct  and  uniform  rating. 

First — In  candle-power  we  have  a  range  of  from  nine 
candles  to  sixteen  candles,  an  extreme  difference  equal  to 
one-half  of  the  rated  candle-power.  With  such  contrasts  as 
this  between  lamps  in  service,  the  result  will  be,  inevitably, 
bad  lighting  and  complaints  from  customers. 

Second — In  watts  we  find  a  range  from  47  to  60  watts. 
This  means  trouble  for  the  meter  man,  and  complaints  from 
customers.  There  are  over  a  dozen  lamps  in  this  lot  taking 
from  15  to  20  per  cent,  more  power  than  their  rating  calls  for. 

Third — In  efficiency  we  note  the  lamps  rated  as  3"i-watt 
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lamps  have  a  real  efficienc}-  of  4^  watts.  This  shows  the  re- 
duction in  efficiency,  resulting  from  low  candle-power.  Such 
lamps  if  measured  for  wattage  would  probably  pass  as  3"i- 
watt  lamps,  but  when  candle-power  measurements  are  made 
the  real  watts  per  candle  are  shown  to  be  4^.  In  a  number  of 
other  cases  of  lamps  incorrectly  rated,  lamps  have  been  found 
to  run  high  in  candle-power,  which  is  as  grave  a  defect  as 
running  under  candle-power.  Lamps  that  run  high  in  can- 
dle-power will  be  naturally  strained  at  a  higher  efficiency 
than  lamps  nominally  and  correctly  rated.  Candle-power 
performance  and  service  of  these  lamps  will,  therefore,  be  as 
erratic  and  non-uniform  "as  is  their  initial  rating.  The 
heavy  decline  in  candle-power  due  to  incorrectly  rated  lamps 
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Fig.  4. — Target  diagram  showing  results  of  correctly  rated  lamps. 

(running  high  in  candle-power)  is  well  shown  in  diagram. 
Fig'  5,  which  gives  performance  of  a  number  of  lamps  (rated 
as  16  candle-power)  giving  maximum  candle-power  readings. 
Thus  in  a  threefold  degree  is  close  and  uniform  rating 
necessary  if  we  desire  to  secure  good  life  and  the  best  ser- 
vice results.  It  takes  experience  and  ability  to  make  lamps 
correct  and  uniform,  and  it  costs  money  to  select  them  to 
their  close  limits.  Any  attempt  here  to  save  money  b}-  the 
manufacturer  would  add  greatly  to  the  cost  of  renewals  to 
the  purchaser.  It  is,  therefore,  mone}'  saved  for  the  pur- 
chaser to  pay  for  these  essentials,  that  is,  purchase  from  the 
competent  and  capable  manufacturer. 
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Diagram,  Fig.  4,  shows  the  results  of  test  on  100 
lamps  of  a  high-grade  lamp,  and  illustrates  what  may  be 
expected  of  well-made  lamps. 

It  is  to  the  interest  of  all  purchasers  to  require  lamps  to 
conform  to  the  one  candle,  3-watt  limits  referred  to  above, 
by  testing  samples  from  each  lot  purchased,  and  rejecting 
every  lot  failing  of  these  requirements. 

There  is  no  need  of  farther  testing  any  lamps  that  fail  in 
this  respect. 

In  comparative  tests  of  lamps,  as  many  lamps  as  possible 
should  be  tested  for  initial  rating — from  50  to  100  or  more. 
This  gives  a  full  average  of  results,  and  besides  provides  a 
sufficient  quantity  from  which  to  choose  lamps  of  the  effi- 
ciency taken  as  a  basis  for  the  candle-power  performance 

test. 

[_To  be  concluded.'] 
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Summing  up,  then,  the  equilibrium  between  the  two  anti- 
meres,  the  racemic  compound  and  their  saturated  solution  is 
very  much  the  same  as  that  between  two  single  salts,  their 
double  salt  and  the  solution,  and  the  phase  rule  applies  to 
it  in  all  its  fruitful  simplicity.  The  inversion  point  is  the 
point  at  which  the  liquid  in  equilibrium  with  the  racemic 
form  as  solid  phase  has  the  same  composition  as  that  in 
equilibrium  with  the  mixture  of  the  antimeres,  i.  <?.,  it  is  the 
temperature  at  which  the  solubilities  are  the  same.  Or  it 
is  the  temperature  at  which  the  solubility  curves  for  the 
mixture  and  for  the  compound  intersect. 
Vol.  CXLIX.     No.  893.  24 
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The  diagram,  borrowed  from  Van't  Hoff,*  represents  the 
case  of  sodium  ammonium  racemate.  The  abscissas  are 
temperatures  and  the  ordinates  concentrations  expressed  in 
molecular  weights  in  loo  molecular  weights  of  water,  MI 
is  the  solubility  curve  of  the  mixture  of  the  single  tartrates. 
So  far  as  this  curve  is  concerned,  the  quantity  of  the  tar- 
trates in  the  solid  mixture  is  a  matter  of  indifference.  The 
only  condition  is  that  they  must  both  be  present  as  solid 
phases.  RI  is  the  solubility  curve  of  the  pure  racemic 
compound  below  27°.  Since  the  solubility  of  the  racemate 
is  greater  than  that  of  the  mixture,  it  is  clear  that  up  to  27° 
the  solution  of  the  forrner  is  supersaturated  with  respect  to 


Solubility  curves  of  sodium  ammonium  racemate  and  of  the  mixture  of  the 

two  tartrates. 

fhe  latter.  In  this  part  of  the  curve  the  addition  of  the 
solid  mixture  will  cause  the  crystallization  of  both  anti- 
meres  from  the  solution  of  the  racemate.  I  is  the  inversion 
point.  Here  the  two  curves  intersect  and  here  both  solu- 
tions contain  about  3'5  molecular  weights  of  each  antimere, 
the  temperature  being  27°,  If  we  imagine  the  curve  !MI 
prolonged  through  I,  it  will  evidently  be  above  RI  and  be 
unstable  with  respect  to  it  in  exactly  the  same  way  as  RI 
is  unstable  with  respect  to  MI  below  the  inversion  point, 
that  is,  the  addition  of  the  solid  racemate  to  the  saturated 
solution  of  the  mixture  will  produce  crystallization  of  the 


"  Bilduug  und  Spaltung  von  Doppelsalzeu,"  p.  83  (1S97). 
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racemate,  until  the  point  corresponding  to  that  temperature 
on  the  curve  RI  is  reached.  Thus  the  reversal  of  stability 
which  occurs  at  the  inversion  point  is  entirely  a  matter  of 
solubility  and  the  whole  phenomenon  will  be  altered  by  the 
use  of  some  other  liquid  in  which  the  solubilities  of  the 
enantiomorphs  and  the  racemic  form  are  different. 

The  curve  IR  ends  to  the  right  in  another  transformation 
which  takes  place  at  about  36°.  This  is  the  conversion  of 
the  sodium  ammonium  racemate  into  the  single  sodium 
and  ammonium  racemates : 

2(NaNH4C4H,Oe)-^2H.,0  =  (Na^C^HA)'^  +  [(NH,)oC4HA]2 

+  4H,0. 

Both  the  single  salts  are  still  racemic,  and  this  change  does 
not  concern  us  at  present.  But  it  is  interesting  to  notice 
that  the  existence  of  sodium  ammonium  racemate  in  stable 
equilibrium  in  contact  with  water  is  limited  by  temperature 
in  two  directions.  It  is  only  possible  between  27°  and 
36°. 

We  must  now  consider  the  phenomenon  of  partial 
racemism  (Halbracemie).  The  name  is  due  to  Emil 
Fischer.*  In  the  course  of  his  marvellous  work  on  the 
sugars  he  was  naturally  brought  continually  into  contact 
with  the  phenomena  of  optical  isomerism.  From  the  funda- 
mental stereo-chemical  idea  it  is  clear  that  the  presence  of 
four  asymmetric  carbon  atoms  in  the  aldohexoses  and  the 
acids  derived  from  them  will  bring  about  the  existence  of 
sixteen  optically  active  isomerides,  grouped  in  pairs.  The 
members  of  each  pair  will  possess  the  antimeric  relation, 
that  is,  each  isomer  will  combine  with  one  other — its  anti- 
mere — to  a  racemic  compound.  There  will  be  eight  racemic 
compounds.  Of  course  the  members  of  different  pairs  are 
remarkably  similar  in  composition,  the  difference  between 
them  being  not  structural,  but  geometrical  only.  The 
interesting  possibility  occurred  to  Fischer  that  substances 
not  mirror  images  might  combine  after  the  fashion  of  anti- 
meres  to  compounds  which,  while  they  would  be  closely 

* Berichte,  xxvii,  3225  (1894). 
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analog-ous  to  the  true  racemic  forms,  still  might  be  expected 
to  exhibit  differences  from  them.  Two  of  the  pairs  above 
referred  to  are  d-  and  1-mannonic  acid,  antimeres,  and 
d-  and  l-eluconic  acid,  also  antimeres.  Fischer  at- 
tempted  to  obtain  compounds  of  d-gluconic  acid  with 
d-  and  1-mannonic  acid,  but  without  success.  He  con- 
cluded from  this  that  there  is  no  special  inclination  to  the 
formation  of  partially  racemic  compounds,  and  that  the 
realization  of  the  conception  is  improbable.  We  owe  the 
complete  certainty  that  such  compounds  exist  to  Ladenburg, 
who  was  led  in  this  direction  by  his  synthesis  of  conine. 
His  work  in  connection  with  racemism  has  been  marred  by 
several  important  blunders,  and  it  is  pleasant  to  be  able  to 
credit  him  in  this  matter  with  completely  making  out  his 
point. 

The  salts  of  the  two  tartaric  acids  exhibit  the  phenomena 
of  racemism  in  the  same  way  as  the  acids  themselves.  The 
replacement  of  the  hydrogen  by  a  metal  or  by  a  symmetri- 
cal inactive  radicle  leaves  the  enantiomorphous  relation  of 
the  molecules  untouched  and  the  behavior  associated  with 
this  relation  persists.  But  when  the  hydrogen  is  replaced 
by  an  unsymmetrical  active  radicle  everything  is  com- 
pletely altered.  The  molecules  of  the  two  salts  are  no 
longer  mirror  images,  the  enantiomorphous  relation  has 
disappeared  and  with  it  the  whole  mass  of  correlated  phe- 
nomena. Thus  the  salts  of  the  two  tartaric  acids  with  the 
same  active  base  are  no  longer  antimeres  and  their  densi- 
ties, solubilities,  melting  points,  content  of  water  of  crystal- 
lization are  different,  while  nothing  can  be  said  a  priori 
with  respect  to  the  crystalline  form,  except  that  in  all  prob- 
ability the  two  will  crystallize  differently. 

Now  the  essence  of  what  is  known  at  present  about 
partial  racemism  is  that  compounds  like  these,  not  anti- 
meres, can  unite,  after  the  manner  of  enantiomorphs,  to 
form  compounds  which  are  called  partially  racemic  (halb- 
racemische  Verbindungen).  It  is  easy,  reasoning  in  a  simi- 
lar way,  to  arrive  at  the  conclusion  that  the  two  salts  of  the 
two  antimeres  of  an  optically  active  base  (for  instance,  the 
salts  of  d-  and  1-conine)  with  the  same  optically  active  acid 
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(for  example,  d-tartaric  acid)  will  exhibit  exactly  similar  be- 
havior. It  is  possible  that  the  two  salts  which  the  base  ^ 
pipecoline 
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forms  with  d-tartaric  acid  are  an  instance  of  this.  The 
base  contains  an  asymmetric  carbon  atom  and  accordingly 
a  d-  and  an  1-form  are  known.  It  is  very  possible  that  the 
acid  d-tartrates  of  the  antimeres  unite  to  a  partially 
racemic  compound,  but  the  evidence  is  not  conclusive.* 
Another  instance  is  the  d-tartrate  of  racemic  tetrahydropa- 
paverin.f  It  is  important  to  notice  that  partially  racemic 
compounds  in  general  will  be  optically  active,  since,  from 
the  nature  of  the  case,  the  activity  of  either  the  acid  or 
the  base  is  uncompensated. .  The  optical  activity  of  r-tetra- 
hydropapaverin  d-tartrate,  for  instance,  is  of  the  same  order 
as  that  of  the  metallic  tartrates.  Another  partially  racemic 
compound  is  the  salt  which  r.pyrotartaric  acid  CH.CH- 
(COoH)CH2C02H  forms  with  quinine.  Here  the  acid  is 
responsible  for  the  phenomenon.  :J:  By  far  the  most  com- 
pletely investigated  case  is  that  of  the  neutral  tartrates  of 
strychnine.  §  Here  the  difference  between  partial  and  com- 
plete racemism  is  well  brought  out.  We  have  seen  that 
the  properties  of  antimeres,  except  the  opposed  rotation 
and,  when  it  is  present,  the  enantiomorphous  crystalliza- 
tion, are  rigorously  identical.  But  the  d-tartrate  of  strych- 
nine contains  6\  and  the  1-tartrate  3^  of  water  of  crystal- 
lization. The  melting  point  of  the  former  is  228°,  that  of 
the  latter  242°.  And  the  1-tartrate  possesses  a  much 
higher  density  and  is  much  less  soluble  in  water  than  the 
d-tartrate.  When  a  mixture  of  equimolecular  quantities  of 
the    two   salts   is   moistened   with    about    two    molecular 


*  Ladenburg,  Berichte,  xxvii,  75. 

t  Pope  and  Peachey,  Zeitsch.  fi'ir  Krystallographie ,  xxxi,  11, 

X  Ladenburg,  Berichte,  xxxi,  524. 

\  Ladenburg,  Berichte,  xxxi,  1969. 
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weights  of  water  the  mass  becomes  dry,  owing  to  the  fol- 
lowing reaction  : 

+    2iH,0    =   (C,H606.2C2iH22N20o)2l3H20. 

It  is  unfortunate  that  no  crystallographic  investigation 
was  made  of  the  isomers  and  the  racemic  compound.  The 
results  would  have  been  extremely  interesting.  Of  course, 
there  must  be  here,  as  in  the  case  of  racemic  compounds, 
one  place  on  the  thermometric  scale  where  the  three  solid 
phases  are  in  equilibrium  with  solution  and  vapor.  This 
occurs  at  29*5°.*  The  chief  difference  between  the  two 
cases  is  that,  owing  to  the  unequal  solubility  of  the  isomers, 
the  symmetry  of  the  solution  curves  will  disappear  and  the 
liquid  phase  will  not,  in  general,  contain  equal  quantities  of 
the  isomers,  either  at  the  inversion  point  or  at  other  tem- 
peratures. This  point  must  be  insisted  upon  because  La- 
denburg  found  nearly  equal  quantities  of  the  d-  and  1- 
strychnine  tartrates  in  the  solution  at  30°, f  and  uses  this 
fact  to  confirm  his  contention  that,  in' general,  in  the  case  of 
partially  racemic  compounds,  the  solution  at  the  inversion 
point  will  contain  equal  quantities  of  the  two  salts.  This 
conclusion  is  quite  erroneous, :}: 

Leaving  the  subject  of  partial  racemism  we  return  to 
true  antimeric  compounds.  The  closer  the  chemical  simi- 
larity of  two  substances,  the  more  likely  they  are  to  pro- 
duce solid  solutions,  or  mix-crystals  with  each  other.  The 
fact,  therefore,  that  antimeres  do  this  is  not  surprising. 
Our  knowledge  of  this  matter  has  been  attained  very 
recently,  and  is  due  entirely  to  the  fascinating  researches 
of  Kipping  and  Pope. §  When  the  antimeres  grow  to- 
gether to  a  solid  solution  the  result  is  what  Kipping 
and  Pope  have  named  the  pseudo-racemic  mix-crystal.  This 
lies  between  the  mere  mechanical  mixture  and  the  chemical 
combination  of  the  two,  the  racemic  compound.     All  three 

*  Ladenburg,  Berichte,  xxxii,  50  (1899). 

f  Ladenburg,  Berichte,  xxxii,  52. 

X  Cf.  Bakhuis  Roozeboom,  Zcit.f.  Physikal.  Chem.,  xxviii,  503. 

I  Zeit.  f.  Krystallographie ,  xxx,  443. 
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are  inactive  by  external  compensation  and  must  not  be  con- 
fused with  the  meso-form,  e.  g.,  mesotartaric  acid,  in  which 
one-half  of  the  molecule  reverses  the  action  of  the  other 
half.  The  distinction  between  the  inactive  mixture  and  the 
pseudo-racemic  mix-crystal  is  simple.  The  latter  is  a 
homogeneous  substance — one  solid  phase,  the  former  a  mix- 
ture of  two.  The  distinction  between  the  mix-crystal  and 
the  racemic  compound  is  a  special  case  of  the  principle  that 
a  compound  is  a  form  of  matter  having  its  own  properties, 
while  the  properties  of  a  solid  solution'^  are  those  of  the  two 
constituents,  those  of  each  affected,  to  some  extent,  by  the 
presence  of  the  other.  Thus  the  crystalline  form,  density, 
solubility  and  so  on  of  a  racemic  compound  will,  in  general, 
be  quite  different  from  those  of  the  antimeres.  But  the 
crystalline  form  of  the  pseudo-racemic  mix-crystal  is  so 
similar  to  that  of  the  antimeres  that  crystallographic  dis- 
tinction is  difficult,  though  undoubtedly  the  angles  are 
slightly  different.  The  faces  show  multiple  reflections  and 
the  other  characters  that  crystallographists  associate  with 
impure  crystals.  The  density  will  be  close  to  that  of  the 
antimeres,  but  slight  differences  will  occur.  Kipping  and 
Pope  consider  that  the  mix-crystal  will  always  melt  at  the 
same  temperature  as  the  antimeres,  and  that  the  inactive 
mixture  will  also  have  the  same  melting  point.  Our  knowl- 
edge of  the  melting  points  of  isomorphous  mixtures  is  re- 
grettably incomplete,t  but  it  is  very  unlikely  that  they  are 
right  in  this.  It  is  improbable  that  the  statement  applies 
even  to  the  mix-crystal,  while,  so  far  as  the  inactive  mixture 
is  concerned,  it  is  certainly  incorrect.  The  only  mix-crystal 
which  could  well  be  confused  with  the  racemic  compound, 
that  is,  the  inactive  one,  containing  50  per  cent,  of  each  an- 
timere,  melts  like  a  chemical  compound  at  a  definite  tem- 
perature, and  does  not  display  the  progressive  melting  of 

*  For  the  purposes  of  the  present  paper  it  is  unnecessary  to  distinguish  be- 
tween mix-crystals  aud  solid  solutions  in  general. 

t  Cf.  Kiister,  Zeit.  fur  Physikal.  Chem.,  viii,  577  (  1891). 

Centnerszwer,  Zeit.  fur  Physikal.  Chem,.,  xxix,  715  (1S99). 

Roozeboom,  Zeit.  filr  Physikal.  Chem.,  xxviii,  510  (1899). 

Roozeboom,  Zeit.  fiir  Physikal.  Chem.,  xxx,  385  (1899). 
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solid  solutions.  Nothing  can  be  said,  a  priori,  about  the  lo- 
cation of  the  melting-  point  with  reference  to  that  of  the 
antimeres.  It  may  be  higher,  lower,  or  at  the  same  temper- 
ature. 

THE   RECOGNITION    OF   THE   PHENOMENON. 

The  question  of  the  recognition  of  racemism,  of  the 
methods  of  distinguishing  a  racemic  compound  from  an  in- 
active mixture  or  a  mix-crystal  is  of  great  importance  to 
organic  chemistry,  and  has  of  late  received  much  attention. 
Emil  Fischer  was  one  of  the  first  to  turn  his  attention  to  the 
matter.*  He  points  out  that  it  is  only  in  the  solid  state  that 
the  phenomenon  is  known  with  certainty,  and  remarks  that 
indications  as  to  whether  an  inactive  liquid  is  racemic  or  a 
mere  mixture  may,  perhaps,  be  obtained  from  alterations  in 
density,  refractive  power,  magnetic  rotatory  power,  or  evo- 
lution or  absorption  of  heat  when  the  antimeres  are  mixed. 
This  was  only  a  tentative  statement,  and  it  may  be  remarked 
that  two  of  the  criteria  are  of  doubtful  value,  since  evolution 
of  heat  and  alteration  of  density  are  common  in  the  mixing 
of  liquids  when  there  is  no  reason  to  assume  the  occurrence 
of  chemical  combination.  Fischer  himself  laterf  called  at- 
tention to  this  in  connection  with  the  racemism  of  inactive 
synthetic  conine.  Ladenburg  had  found  that  when  d-  and 
1'  conine  are  mixed  in  equal  quantities  there  is  a  slight  fall 
of  temperature,  and  had  concluded  from  this  that  the  liquid 
is  a  racemic  compound.  This,  however,  proves  nothing. 
Among  common  liquids,  which  produce  considerable  tem- 
perature changes  when  mixed,  are  alcohol,  ether,  carbon  di- 
sulphide  and  chloroform.  Ladenburg  :j:  has  shown  that 
when  ether  and  chloroform  are  mixed  at  ordinary  tempera- 
tures in  the  right  quantities  the  temperature  rises  12°. 

In  this  case  there  is  considerable  contraction,  while  in 
the  mixing  of  d-  and  1-conines  the  density  remains  un- 
changed. Ladenburg  lays  stress  on  this  fact  and  contends 
that    evolution    or     absorption    of    heat    without     simul- 

*  Berichte,  xxvii,  3225. 
Bertchte,  xxviii,  1153. 
Berichte,  xxviii,  1993. 
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taneous  change  of  density  is  good  evidence  of  chemical 
combination,  and,  therefore,  of  the  racemism  of  the  liquid. 
It  seems  to  me  that  the  value  of  this  criterion  is  very  slight, 
for  the  condition  of  no  alteration  in  density  would  almost 
never  be  fulfilled,  and,  when  it  was,  it  itself  would  offer 
stronger  evidence  against  the  combination  than  a  small 
temperature  change  would  give  in  its  favor.  Klister^  makes 
the  interesting  point  that  the  behavior  of  the  temperature 
change  in  time  in  this  case  indicates  chemical  combination. 
Ordinary  temperature  changes  taking  place  during  the  mix- 
ture of  liquids  are  instantaneous,  while  when  d-  and  1- 
conine  are  mixed  the  lowering  of  temperature  requires  half 
an  hour  to  become  complete.  This  indicates  a  slow  reaction 
going  on  in  the  mixed  liquid  and  a  correspondingly  gradual 
absorption  of  heat, 

d-conine  —  1-conine  ^  r-conine. 

The  literature  of  liquid  racemic  compounds  is  small  in 
amount  and  inconclusive  in  character.  New  methods  of  at- 
tacking the  problem  are  needed.f 

With  respect  to  the  existence  of  racemic  compounds  in  so- 
lution, the  same  remarks  may  be  made.  From  the  lack  of 
evolution  or  absorption  of  heat  when  solutions  of  the  anti- 
meres  are  mixed,;};  and  from  the  conductivity  and  cryoscopic 
behavior  of  solutions  of  racemic  compounds  the  conclusion 
has  been  reached  that  only  the  antimeres  exist  in  the  liquid, 
but  it  is  improbable  that  this  is  correct.  In  some  cases  the 
solubility  relations  render  it  very  probable  that  a  consid- 
erable proportion  of  the  dissolved  substance  is  racemic.§ 

It  must  be  remembered  that  a  number  of  molecular  species 
must  be  taken  into  account  in  discussing  the  state  of  things 
in  a  liquid  in  equilibrium  with  a  racemic  compound  as  solid 
phase.  Since  most  racemic  compounds  a.re  electrolytes — 
acids,  bases  or  salts — there  may  be  present  the  ions  of  both 
antimeres  as    well  as  undissociated  molecules  of  both  and 


*  Berichte,  xxxi,  1847. 

t  Cf.  Pope  and  Peachey,  Proc.  Client.  Soc,  xv,  201  (1899). 

J  Jahn,  "  Wied.  Annalen,"  xliii,  306  (1S91). 

\  Kiister,  Berichte,  xxxi,  1847  (1898). 
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polymeric  molecules.  Then  the  racemic  compound  may  be 
present  in  the  same  three  conditions,  and  the  fact  that  its 
molecular  weight  is  unknown  must  not  be  lost  sight  of.  If 
the  racemic  compound  happens  to  be  a  salt  of  a  weak  acid 
or  base  the  possibility  of  hydrolysis  further  complicates 
matters.  It  will  be  seen  that  the  problem  is  not  an  easy 
one.  It  becomes  simpler  in  the  case  of  a  compound  not  an 
electrolyte  where  electrolytic  dissociation  and  h5^drolysrs  are 
impossible.  Such  compounds  are  not  difficult  to  find — among 
the  sugars,  for  instance — and  the  study  of  their  condition  in 
solution  would,  it  seems  to  me,  afford  very  interesting  re- 
sults. With  respect  to  the  possibility  of  racemism  in  gases 
our  ignorance  is  complete.  Most  racemic  compounds  can- 
not be  obtained  in  this  condition  at  all,  and  the  only  sub- 
stances which  have  been  investigated  are  the  esters  of  ra- 
cemic acids,  e.  g.,  di-methyl  racemate.  The  result  of  density 
determinations  is  always  a  molecular  weight  corresponding 
to  that  of  one  antimere,  so  that  it  seems  that  the  racemic 
compound  dissociates  into  the  antimeres  on  being  vapor- 
ized. 

As  Fischer  has  acutely  remarked,  it  is  only  in  the  solid 
state  that  the  characteristic  signs  of  the  racemic  condition 
are  apparent.  We  are  only  concerned  with  the  differentia- 
tion of  the  racemic  compound  from  the  other  inactive  forms, 
the  inactive  mixture  containing  equal  quantities  of  each 
enantiomorph  and  the  pseudo-racemic  mix-crystal  of  the 
same  composition.  The  surest  way  of  making  the  distinc- 
tion is  crystallographic  investigation.  The  conglomerate 
will  often  be  a  mixture  of  two  different  crystalline  forms 
bearing  enantiomorphous  relations  to  each  other.  The  ra- 
cemic compound  will  consist  of  homogeneous  crystals  of  one 
species  and  its  form  will  be  absolutely  different  from  that  of 
the  antimeres,  whether  the  latter  are  enantiomorphs  or  not. 
The  pseudo-racemic  mix-crystal  will  exhibit  multiple  reflec- 
tions and  the  other  imperfections  which  are  associated  with 
crystals  of  impure  substances.  In  form  it  will  possess  an 
extraordinary  similarity  to  the  antimeres,  but  there  will  be 
small  differences  in  the  angles.  Its  inactivity  at  once  dis- 
tinguishes it  from  the  enantiomorphs  and  its  crystalline  form 
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from  the  racemic  compound.      Unfortunately  the   method 
requires  good  crystals  and  is  not  always  applicable. 

Fischer  has  pointed  out  that  at  times  the  distinction  can 
be  made  by  chemical  analysis,  for  example,  when  the  anti- 
meres  are  salts  containing  water  and  the  inactive  substance 
contains  either  more  or  less  water.  Such  cases  have  long 
been  known  among  the  tartrates.  Inactive  calcium  man- 
nonate  is  anhydrous,  while  the  antimeres  contain  water  of 
crystallization.  Kipping  and  Pope*  consider  that  all  mix- 
tures of  the  antimeres  and  all  solid  solutions  of  them  will 
melt  at  the  same  temperature  as  the  antimeres  separately. 
Hence,  when  the  inactive  substance  has  a  different  melting 
point  it  is  to  be  regarded  as  a  racemic  compound.  This 
conclusion  is  certainly  erroneous.  Fischer's  cautious  state- 
ment that  when  the  inactive  substance  has  a  higher  melt- 
ing point  than  the  antimeres  it  is  certainly  racemic,  while, 
if  lower,  no  decision  can  be  made,t  has  won  the  general  as- 
sent of  chemists,  but  even  this  generalization  must  be  quali- 
fied. The  possession  of  a  higher  melting  point  than  that  of 
the  antimeres  does,  indeed,  distinguish  the  racemic  com- 
pound from  the  inactive  mixture,  but  not  from  the  pseudo- 
racemic  mix-crystal,  since  this  may  melt  either  higher  or 
lower  than  the  antimeres  separately.  The  inactive  mixture 
of  equal  quantities  of  the  antimeres  has  the  lowest  melting 
point  of  all  conglomerates  of  the  two,  while  the  pseudo-ra- 
cemic  mix-crystal  has  either  the  lowest  melting  point  of  all 
solid  solutions,  or  else  the  highest,  unless  the  melting  point 
is  the  same  for  all  concentrations.  Finally,  the  racemic 
compound  is  simply  a  pure  substance  with  its  own  melting 
point.  The  effect  of  mixing  a  little  of  either  antimere  to  the 
racemic  compound  will  be  to  lower  the  melting  point  just  as 
any  other  foreign  substance  would  do.  But  the  effect  on 
the  inactive  conglomerate  will  be  to  raise  the  melting  point. 
With  the  pse\ido-racemic  mix-crystal  the  same  addition  may 
raise  the  melting  point  or  lower  it,  or  leave  it  unchanged. 


*  Zeitschrift  fur   Kiystallographic,    xxx,   443;    also  Jour.    Che  in.    Soc, 
Ixxi,  989. 

t  Berichte,  xxvii,  3225. 
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It  is  clear  that  we  can  easily  distinguish  the  compound  from 
the  conglomerate  by  means  of  melting  point  determinations, 
but  not  from  the  mix-crystal.  This  same  distinction  can  be 
very  readily  made  by  a  solubility  determination.  Consider 
a  solvent  in  equilibrium  with  both  enantiomorphs  as  solid 
phases.  Since  both  dissolve  in  equal  quantity  at  all  tem- 
peratures the  liquid  will  be  inactive.  Now,  let  either  solid 
antimere  be  added  to  it.  The  solution  being  already  satu- 
rated with  respect  to  this  substance,  the  sole  effect  is  to  in- 
crease the  amount  of  that  particular  solid  phase  ;  the  liquid 
remains  inactive.  But  with  the  liquid  in  equilibrium  with 
the  solid  racemic  compound  everything  is  different.  None 
of  the  antimeres  being  present  as  solid  phase,  the  solution  is 
unsaturated  with  respect  to  it,  and  it  dissolves  at  once,  the 
liquid  of  course  becoming  active.  It  follows  from  the  fun- 
damental principles  of  the  phase  rule  that  the  liquid  in 
equilibrium  with  a  pseudo-racemic  mix-crystal  will  become 
active  on  adding  either  antimere.  So,  also,  when  the 
inactive  substance  is  a  liquid  the  solution  over  it  will  be 
made  active  by  adding  either  antimere,  whether  the  liquid 
is  racemic  or  not.  The  criterion  is,  therefore,  completely 
inapplicable  to  liquids,  and  Ladenburg's  recent  attempt  to 
prove  the  racemic  character  of  inactive  conine  and  limonene 
by  means  of  it  is  a  surprising  blunder. 

I  have  given  here  only  those  facts  with  respect  to  melting 
point  and  solubility  which  are  most  likely  to  be  of  value  to 
the  organic  chemist.  The  exhaustive  discussion  of  the  solu- 
bility and  fusion  relations  of  mixtures  and  compounds  of 
enantiomorphous  isomers  is  inseparably  bound  up  with  the 
general  doctrine  of  the  phase  rule,  and  to  attempt  anything 
like  a  detailed  treatment  of  the  subject  within  the  limits  of 
the  present  paper  is  impossible.* 


*  Bakhuis  Roozebooni  has  recently  published  two  papers  on  this  subject. 
The  shorter  one  (^(frzV/^/c',  xxxii,  537)  is  an  abridgment  of  the  other,  and, 
like  all  abridgments,  very  unsatisfactory  reading,  but  the  complete  paper 
[Zeit.  F/iysikal.  Chein.,  xxviii,  494)  will  become  a  classic  in  chemical  literature. 
It  is  remarkable  for  exactness  and  for  luciditj-  of  statement. 
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THE   SEPARATION    OF    THE   ANTIMERES. 

Owing  to  the  identical  solubilities  of  the  antimeres  and 
to  the  sameness  of  their  chemical  behavior  toward  sj^mmet- 
rical  substances,  their  separation  by  ordinary  methods  is 
impossible.  For  the  same  reason  when  a  carbon  atom  be- 
comes asymmetric  the  product  is  the  inactive  mixture  or  the 
racemic  compound,  the  two  isomers  being  produced  in  equal 
quantities.  This  impossil^ility  of  producing  one  enantio- 
morph  without  the  other  from  inactive  substances  and  under 
symmetrical  non-selective  working  conditions  was  a  favorite 
thesis  of  Pasteur,  and  a  recent  revival  of  the  idea  in  a  some- 
what different  form*  has  given  rise  to  much  controversy. 
The  difference  between  the  two  views  is  that  Pasteur's  was 
simply  a  tentative  working  hypothesis  which  he  was  ready 
to  abandon  at  any  time,  while  Japp  regards  the  production 
of  a  single  antimere  under  the  conditions  stated  as  incon- 
ceivable and  the  impossibility  of  doing  so  as  a  permanent 
limit  to  the  achievements  of  our  science. 

The  conclusion  is  that  the  optically  active  substances 
which  exist  in  nature  must  have  been  produced  by  the  action 
of  some  unsymmetrical  force  which  appeared  upon  the  scene 
at  the  same  time  as  life,  and  which,  presumably,  is  identical 
with  the  vital  force  of  the  older  biologists.  Pasteur's  state- 
ment was  valuable  in  his  hands  because  it  often  led  to  pre- 
dictions which  were  verified  by  experiment,  but  it  is  clear 
that  Japp's  extension  of  it  does  not  fulfil  the  requirements 
of  a  scientific  hypothesis. 

Most  of  Japp's  critics  were  not  chemists,  and  were  ham- 
pered by  lack  of  acquaintance  with  the  subject  under  dis- 
cussion, but  two  of  them,  whom  we  can  hardly  accuse  of 
unfamiliarity  with  chemical  matters,  have  shown  that  it  is 
perfectly  possible  to  imagine  symmetrical  conditions  under 
which  one  enantiomorph  would  be  produced  to  the  exclusion 
of  the  other.!  X 

Pasteur  worked  out    three    methods  of   separating    the 


*Japp,  Nature,  Iviii,  452,  and  many  following  numbers. 
t  Ostwald,  Zeit.  Physikal.  Chem.,  xxix,  347  {Ref.) 
X  p.  Frankland,  Nature,  lix,  30. 
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antimeres.  The  first  is  applicable  only  to  a  mixture 
of  well-developed  enantiomorphous  crystals,  and  consists 
in  the  simple  picking  out  of  the  £wo  kinds.  Thus 
when  the  solution  of  sodium  ammonium  racemate  crystal- 
lizes, right  and  left  enantiomorphous  forms  are  deposited 
side  by  side.  Each  can  be  made  to  yield  its  own  kind  of 
acid,  and  so  the  preparation  of  a  whole  series  of  antimeres 
becomes  possible.  The  method'has  not  been  found  gener- 
ally applicable,  because  it  is  difficult  or  impossible  in  most 
cases  to  obtain  crystals  distinct  enough  for  the  selec- 
tion to  be  made. 

The  second  method  applies  only  when  the  enantiomor- 
phous substances  to  be  separated  are  bases  or  acids,  a  very 
frequent  case. 

If  they  are  acids  the  mixture  is  treated  with  an  active 
base ;  if  bases,  with  an  active  acid.  In  either  case  two  salts 
will  be  produced  in  the  solution  and  one  of  them  will  crys- 
tallize first,  and  by  recrystallization  can  be  obtained  pure. 
Thus  Pasteur  separated  d-  and  1-tartaric  acids  by  adding 
cinchonine  when  the  cinchonine  1-tartrate  crystallized 
out.  He  considered  that  1-tartaric  acid  had  a  stronger 
affinity  for  the  base  than  the  dextro-acid,  and  hence  its  salt 
was  formed,  the  latter  remaining  free.  This  view  is  still 
general,  but  since  it  is  in  complete  discord  with  the  doctrine 
of  affinity  and  with  the  results  of  experiment  it  must  be 
abandoned. 

Antimeric  acids,  being  equally  dissociated  at  all  dilutions, 
must  exhibit  the  same  affinity  toward  all  bases,  asymmet- 
ric or  not,  and  the  same  thing  is  true  of  antimeric  bases. 
This  statement  has  been  abundantly  confirmed  by  direct 
experiment."'^  f  Thus  the  heats  of  neutralization  of  the  two 
tartaric  acids  with  the  active  bases,  morphine  and  nicotine, 
are  the  same.  The  dextro-  and  Isevo-tartrate  of  cinchonine 
raise  the  boiling  point  of  water  to  an  equal  extent,  demon- 
strating that  the  electrolytic  dissociation  and  hydrolysis  of 
the  salts  at  eqiiivalent  dilutions   are  identical.     This  could 


*Jahn,    "  Wiedemann's  Annalen,"  xliii,  306  (1891). 
t  Marckwaldand  Chwolles,  i?d'rzV///t',  xxxi,  783  (1898). 
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not  be  the  case  if  the  affinities  of  the  two  acids  for  the  base 
were  different.  Finally,  when  inactive  methyl-ethyl-acetic 
acid  or  inactive  mandelic  acid  is  one-half  neutralized  with 
brucine  in  aqueous  solution  the  rest  of  the  acid,  extracted  by 
ether  from  the  liquid,  is  inactive.  Clearly,  if  the  brucine 
had  combined  preferably  with  either  acid  the  other  one 
would  have  predominated  in  the  ether  extract. 

The  fact  is  that  the  crystallization  of  one  salt  in  such 
separations  is  purely  an  affair  of  solubility.  Both  salts  are 
produced  in  equal  quantities,  but  they  are  no  longer  anti- 
meres  and  differ  in  all  respects,  solubility  included.  That 
one  crystallizes  first  which  is  least  soluble  under  the  condi- 
tions of  the  experiment.  This  method  of  separation  has  been 
largely  employed  by  Ladenburgand  others.  For  the  separ- 
ation of  asymmetric  bases,  d-tartaric  acid  is  often  used  ; 
for  that  of  enantiomorphous  acids,  quinine,  cinchonine  and 
strychnine  are  in  favor.  Pasteur's  third  method  was  the 
biological  one.  The  solution  of  the  inactive  substance  is 
sown  with  the  spores  of  a  mould,  penicillium  is  frequently 
used,  and  nutrient  material  is  added.  One  isomer  is 
destroyed,  the  other  remains.  The  method  has  been  suc- 
cessfully employed,  though  the  destruction  of  one  isomer  is 
a  disadvantage,  especially  as  the  choice  rests  with  the  mould 
and  not  with  the  investigator.  Sometimes  the  substance 
acts  as  a  poison  for  the  micro-organism ;  it  does  not  grow, 
and  the  product  is  unchanged  in  quantity  and  still  inactive. 
This  happened,  for  instance,  when  Ladenburg  attempted  to 
separate  synthetic  conine  by  this  method.  Recently  two 
new  methods  of  separation  have  been  added  to  these  classi- 
cal ones.  Kipping  and  Pope  have  found  that  the  solubili- 
ties of  the  antimeres  are  no  longer  identical  when  the  solu- 
tion contains  a  third  asymmetric  substance.  This  substance 
must  have  no  chemical  action  upon  the  antimeres  or  the 
dissolving  liquid.  Thus,  when  inactive  d-  1-sodium  am- 
monium tartrate  was  crystallized  from  water  containing 
dextrose,  the  first  crop  of  crystals  contained  a  considerable 
excess  of  dextro-tartrate.  I  consider  it  probable  that  the 
solubility  of  the  antimeres  will  be  found  to  be  different 
\yhere  the  solvent  itself  is  active.     Suitable  solvents  could 
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be  found,  for  instance,  among  the  active  alcohols.  Further, 
it  should  not  be  difficult  to  find  a  case  where  the  solvent 
crystallizes  with  the  antimeres  as  alcohol  of  crystallization. 
The  question  whether  each  would  separate  with  the  same 
number  of  molecules  of  the  solvent  as  they  always  do  with 
water  and  symmetrical  solvents  in  general  is  of  great  inter- 
est. 

The  second  of  the  new  methods  rests  upon  the  fact 
that  the  speeds  with  which  the  antimeres  react  with  an 
asvmmetric  substance  are  different,*  If,  then,  the  process 
is  interrupted  before  the  reaction  is  complete,  the  unchanged 
substance  will  contain  an  excess  of  one  antimere  and  the  re- 
action product  of  another,  and  from  either,  by  suitable 
methods,  the  isomer  which  predominates  can  be  isolated. 
For  instance,  when  Isevo-menthol  is  heated  with  inactive 
mandelic  acid  the  dextro-acid  is  estrified  most  rapidly,  and 
if  the  reaction  is  interrupted  after  it  has  continued  for  an 
hour,  Isevo-mandelic  acid  can  be  isolated  unchanged  from 
the  product.  Further,  the  esters  of  the  two  mandelic  acids 
with  Isevo-menthol,  and  in  general  the  esters  of  antimeric 
acids  with  an  asymmetric  alcohol,  are  no  longer  enantio- 
morphs  and  exhibit  chemical  differences  on  which  a  separa- 
tion can  be  based.  When  an  equimolecular  mixture  of 
Isevo-menthyl  Isevo-mandelate  and  laevo-menth}^  dextro- 
mandelate  is  saponified,  the  dextro-ester  is  attacked  more 
rapidly,  and  if  the  saponification  is  carried  out  in  two  frac- 
tions the  acid  from  the  first  is  dextro-rotator}',  that  from  the 
second  Isevo-rotatory.  Of  course,  both  acids  are  mixtures, 
but  from  both  that  isomer  which  is  present  in  excess  can 
be  isolated.  The  method  of  Marckwald  and  McKenzie  is 
new,  and  owing  to  the  extraordinary  rapidity  with  which 
work  accumulates  in  this  field,  the  authors  have  felt  con- 
strained to  publish  it  with  only  a  few  preliminary  experi- 
ments. Many  difficulties  are  to  be  overcome  before  the 
procedure  can  rank  as  a  useful  method  of  separating  enan- 
tiomorphs.     The  authors  have  promised  to  proceed  imme- 

*  Marckwald  and  McKenzie,  Berichte,  xxxii,  2130  (1899). 
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diately  with  the  experimental  investigation,  and  chemists 

will  await  their  results  with  much  interest. 

Central  Manual  Training  School, 

Department  of  Chemistry, 

Philadelphia,  Januan-  16,  1900. 


Addendum. — In  the  first  part  of  this  paper  attention  is 
called  to  the  fact  that  the  phenomena  of  racemism  are 
dependent  upon  the  presence  in  the  molecule  of  a  carbon 
atom  united  with  four  different  radicles,  or  of  a  nitrogen 
atom  united  with  five  different  groups,  an  asymmetric  car- 
bon or  an  asymmetric  nitrogen  atom.  Since  this  was  written 
Pope  and  Peachey,*  in  a  most  interesting  preliminary 
communication,  have  announced  the  preparation  of  racemic 
derivatives  of  tetravalent  tin,  and  the  asymmetric  tin  atom 
has  been  added  to  our  science. 

The  authors  started  from  the  tin  trimethyl  iodide  of 
Ladenburg  and  Cahours,  From  this  they  obtained  meth)d- 
ethyl-n-propyl  tin  iodide  by  methods  which  are  indicated  in 
the  following  equations  : 

2Sn(CH3)3l  +  Zn(C2H5).,  =  2Sn(CH3\3C,H.5  +  Znl,, 
Sn(CH3)3CoH,5  +  L  =  Sn(CH3)AH.5l  +  CH3I, 
2Sn(CH3),(CeH.5)I  +  ZniCgH,),  =  2Sn(CH3),(aH,)C3H-  +  Znl.,, 
Sn(CH3)o(CoH,5)(C3H,)  ^\.,  =  Sn(CH3)(C,H.5)(C3H,)I  +  CH3I. 
This  methyl-ethyl-n-propyl  tin  iodide  contains  an  asymme- 
tric tin  atom.     It  is  a  yellow  oil,  almost  insoluble  in  water. 
Its  vapor  attacks   the  mucous   membranes.     Like   all    the 
products  of  synthesis,  it  is  inactive  by  external  compensa- 
tion,  equal  quantities  of   the  d-  and    1-isomers  being  pro- 
duced. 

In  order  to  obtain  an  active  product  the  substance  was 
treated  with  the  silver  salt  of  d-camphor-sulphonic  acid  in 
aqueous  solution,  when  d-methyl-ethyl-n-propyl  tin  iodide  d- 
camphor  sulphonate, 

Sn(CH3)(aH5)(C3H,)(CioH,50S03), 
separates.     This    is    strongly   dextro-rotatory.     The    corre- 
sponding   Isevo-salt    could    not    be    obtained.     When    the 

'^Proceed.  C/iein.  Soc,  xvi,  42  (1900). 
Vol.  CXLIX.     No.  893.  25 
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mother  liquor  was  evaporated  nothing  but  fresh  quantities 
of  the  dextro-salt  were  obtained,  an  extremely  interesting 
phenomenon  and  one  readily  explained  by  rapid  auto-race- 
mization  restoring  the  equilibrium  continually  disturbed 
by  the  separation  of  the  less  soluble  dextro-salt.  Finally, 
when  the  solution  of  this  salt  is  treated  with  aqueous  KI, 
d-methyl-ethyl-n-propyl  tin  iodide  separates  as  a  yellow  oil 
which  was  decidedly  dextro-rotatory.  The  mobility  of  the 
radicles  attached  to  quadrivalent  tin  appears  to  be  surpris- 
ingly great,  and  at  times  the  oil  is  inactive,  in  consequence 
of  auto-racemization.  Walden  has  shown  that  the  same 
thing  takes  place  with  asymmetric  carbon  compounds,  but 
very  much  more  slowly. 

The  authors  are  of  the  opinion  that  all  compounds  with 
enantiomorphous  molecular  configuration,  at  least  all  those 
in  which  the  asymmetric  atom  belongs  to  Mendelejeff's 
fourth  or  fifth  group,  will  be  found  to  exhibit  optical  activity. 
They  are  engaged  in  the  attempt  to  prepare  active  deriva- 
tives of  tetravalent  lead. 


PHOTOGRAPHIC   AND   MICROSCOPIC   BRANCH. 

Stated  meeting  held  Tuesday,  December  5,  iSgg. 

IMPROVED   METHOD   for    MOUNTING    PRINTS. 


By  John  G.  Baker, 
Member  of  the  Section. 


Often,  the  troublesome  part  to  the  amateur  photographer 
is  the  mounting  of  the  print.  The  cause  of  this  is  that, 
by  the  old  method,  it  requires  some  practice,  which  he  has 
not  had;  for  the  number  of  prints  he  has  to  mount  is  so 
small  that  he  prefers  to  get  them  in  shape  for  the  album, 
especially  after  he  has  tried  his  hand  at  mounting  the  first 
few  prints  in  the  old  way  and  making  a  mess  of  it. 

Now,  to  remedy  this  trouble  I  have  contrived  the  device 
I  have  here  this  evening  and  of  which  I  will  give  you  a 
brief  description  and  a  practical  demonstration. 
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This  invention  is  for  the  mounting  of  squeezed  or  other 
dry  prints.  The  method  has  several  advantages.  It  is 
very  simple,  neat  and  clean ;  stops  all  daubing  of  the  prints 
and  leaves  them  and  the  hands  quite  clean.  The  mounts 
have  less  tendency  to  curl,  and  as  the  prints  are  quite  stiff, 
they  are  more  readily  handled,  and  if  they  are  to  be  colored, 
it  may  be  done  before  they  are  mounted,  and  there  is,  there- 
fore, less  danger  of  soiling  the  mount.  To  the  inexperienced 
person  this  method  is  well  adapted,  since  it  requires  but 
very  little  skill  to  make  quite  a  neat  job  of  it. 

The  arrangement  consists  first  of  a  block  of  wood,  which 
is  called  the  squeezed  print   mounter.     This  block  is  made 


about  ^  inch  smaller  than  the  print  to  be  mounted,  and  its 
upper  surface  is  formed  with  a  series  of  circular  grooves, 
each  of  which  is  in  communication  with  its  neighbor,  and 
the  whole  system  in  communication  with  the  outlet  pipe 
near  the  bottom  of  the  mounter.  To  this  outlet  is  attached 
a  piece  of  rubber  hose,  and  to  facilitate  the  handling  of  the 
prints  a  small  paddle  is  also  added.  To  keep  the  prints 
more  firmly  in  place,  the  upper  surface  of  the  mounter  is 
coated  with  a  solution  of  rubber  cement,  made  quite  thin 
with  benzine.  This  coating  must  be  renewed  whenever 
the  surface  gets  too  smooth  to  hold  the  prints  firmly. 

To  use  this  mounter,  place  the  print  upon  it  face  down. 
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with  the  edges  projecting'  all  around,  and  on  it,  to  hold  it 
in  position  temporarily,  place  the  paddle,  then  prepare  the 
brush  with  as  much  paste  as  needed,  after  which  place  the 
rubber  hose  in  the  mouth  and  exhaust  the  air ;  this  holds 
the  print  whilst  applying  the  paste ;  after  the  print  is 
pasted,  apply  the  paddle  to  it,  so  that  it  may  be  readily 
transferred  to  the  mount,  place  one  edge  in  its  proper  posi- 
tion on  the  mount,  and  with  the  left  hand  hold  it  there, 
until  you  remove  the  paddle,  after  which  proceed  as  in  the 
older  method. 


ANNUAL  REPORT  of  the  DIRECTOR  OF   The   DRAWING   SCHOOI^ 
OF  THE  FRANKLIN  INSTITUTE  for  the  SESSIONS  1899-1900. 

This  has  been  a  very  successful  year  with  the  drawing  school,  not  only  as 
to  the  number  of  students,  but  also  as  to  their  character.  The  general  pros- 
perity of  the  industries  of  the  city  has  had  much  to  do  with  this  result,  but,  in 
addition,  the  fact  is  slowly  becoming  known  that  a  definite,  progressive,  logi- 
cal and  comprehensive  course  of  instruction  is  pursued  here,  which  gives  a 
maximum  of  efficiency  with  a  minimum  of  time  and  labor.  There  is  given  in 
our  school  just  such  a  blending  of  the  science  and  practice  of  the  art  as  to 
make  the  stud}'  interesting  and  effective,  and  at  the  same  time  desirable,  to 
students  whose  previous  knowledge  and  experience  are  very  different.  The 
college  student,  proficient  in  geometry,  can  see  how  the  problems  that  bored 
him  so  in- the  abstract  are  usefully  applied,  the  apprentice  in  the  draughting 
room  can  learn  the  principles  underlying  the  work  that  he  is  doing  in  detail- 
ing and  tracing  the  drawings  of  his  seniors,  and  the  foreman  or  mechanic  can 
acquire  the  skill  and  technique  to  enable  him  to  make  his  own  drawings  and 
to  readily  and  accurately  read  and  understand  those  to  which  he  is  obliged  to 
work.  The  requirements  necessary  to  obtain  and  maintain  a  position  are  con- 
stantly increasing,  and  in  the  mechanic  arts  a  considerable  knowledge  of 
draughting  has  become  a  necessity.  This  school  effectually  supplies  that 
knowledge. 

Wm.  H.  Thorne,  Director. 

The  following  Students  are  Entitled  to  Honorable  Mention  : 
/;/  the  Senior  Mechanical  Class. 
John  Oldman,  George  F.  Eisenhardt, 

Samuel  Greenlee,  Emil  Paul  Hottinger, 

Fritz  H.  Larsen. 

/;/  the  Iiifei mediate  I\leehanical  Classes. 
Clarence  Fithian,  Walter  Topliff, 

C.  B.  F.  Waller,  J.  Benjamin  De  Hart, 

Edward  Flegel,  Lionel  F.  Levy, 

John  Hoffman,  C.  E.  Moldrup, 

John  Vallely. 
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In  the  Junior  Mechanical  Class. 
Richard  Poeckert,  Thomas  F.  Jones, 

Joseph  Roberts,  Eugene  Fischer, 

John  Zerbe,  Robert  McAlees,  Jr. 

/;/  the  Architectural  Class. 
Roy  E.  Blithe,  J.  Henry  Slaugh, 

Harry  C.  Beatty,  Daniel  Sharp, 

J.  De  Frehn. 

In  the  Free  Hand  Class. 
Robert  F.  Plum,  James  J.  Dunn, 

Clarence  Bellet. 

The  following  Students  are  Awarded  Scholarships  from  the 
B.  H.  Bartol  Fund,  entitling  them  to  Tickets  for  the  next 
Term  : 

Frederick  Schwartz,  Theodore  R.  Johnson, 

Frederick  Woodward,  James  R.  Calhoun, 

A.  D.  Thomas,  Alfred  Whitney. 

The  following  Students,  having  Attended  a   Full  Course  of 
Four  Terms  with  satisfactory  results,  are  awarded  Certificates  : 
William  Welch,  Samuel  Greenlee, 

John  A.  Proud,  George  F.  Eisenhardt, 

Herman  A.  Langefeld,  Robert  Koeberle, 

Joseph  F.  Klinger,  Arthur  Schwab, 

John  Oldman,  Frederick  Rieman, 

Fritz  H.  Larsen,  William  H.  Hollar,  Jr., 

John  W.  Manogue,  Roy  E.  Blithe, 

George  Cummings,  William  H.  Gould, 

William  Williams,  Robert  F.  Plum. 

Branch  School. 
Johan  Olof  Hofman. 


CORRESPONDENCE. 


FALLACIES  OF  TEXT-BOOKS. 
To  the  Editor  of  the  Franklin  Institute  Journal  : 

It  was  in  the  columns  oi  \\x\^  Journal,  if  my  memory  serves  me  correctly, 
that  the  attention  of  the  engineering  fraternity  was  called  to  the  error  in 
many  of  the  text-books  relative  to  the  loss  of  head  by  a  current  of  water  in  a 
pipe,  when  the  current  underwent  a  deflection,  man}'  of  the  text-books  show, 
ing  the  angle  to  be  that  made  by  the  intersection  of  the  two  lines  of  pipe 
instead  of  the  angle  of  deflection. 

It  was  also  in  the  columns  of  \h\sJourtial  that  the  attention  of  engineers  was 
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called  at  an  early  date  to  the  fact  that  the  exhaust  edges  of  a  slide  valve  had 
considerably  to  do  with  the  economy  of  a  steam  engine  and  that  "  lead  "  was 
detrimental  unless  accompanied  by  suitable  compression. 

More  recently  the  fallacy  of  the  so-called  "law  of  partial  pressures  "  has 
been  criticised  and  exploded,  and  a  more  rational  base  of  the  volumes  sub- 
stituted. 

I  desire  now  to  call  the  attention  of  those  who  are  interested  to  other  fal- 
lacies, which,  the  sooner  they  are  exploded  and  obliterated,  the  sooner  a  solid 
foundation  will  be  secured,  and  new  methods  and  means  formulated  by  which 
and  upon  which  engineering  calculations  may  be  more  safely  based  for  future 
work. 

It  is  only  necessary  to  refer  to  almost  any  text-book,  technical,  periodical 
or  trade  journal  to  find  elaborate  calculations  based  largely,  if  not  entireh^ 
upon  the  specific  heats  of  various  fluids  (and  especially  of  the  gaseous  ones), 
in  which  the  specific  heats,  regardless  of  temperature  or  pressure,  are  treated 
as  constants.  The  experiments  and  investigations  of  such  careful  scientists 
as  Wroblewski,  Olszewski,  Witkowski,  Amagat,  Mollier  and  Lussana  have 
thoroughly  exploded  this  fallacy  and  have  clearly  demonstrated  that  the 
specific  heats  of  many,  if  not  all,  of  the  gaseous  fluids  increase  with  both 
the  temperature  and  pressure  in  many  cases  several  hundred  per  cent.  More- 
over, it  is  at  least  suggestive,  if  not  probable,  that  in  most  cases  these  incre- 
ments of  specific  heats  are  additive  when  both- temperature  and  pressure  are 
changed  from  normal  conditions. 

Again,  more  recent  investigations  by  scientists  have  thrown  such  serious 
doubts  upon  what  has  heretofore  been  known  as  "absolute  zero  "  as  to  make 
this  quantity  in  practical  calculations  not  only  absolutely  useless,  but  exceed- 
ingly misleading  ;  so  much  so,  that  I  sincerely  question  whether  any  scientists 
at  the  present  day,  who  are  familiar  with  the  present  aspect  of  the  subject, 
would  feel  warranted  in  stating  positivelj' that  there  is  such  a  point  as  "  abso- 
lute zero,"  and  if  there  is  such  a  point,  whether  or  not  it  is  within  several 
hundred  degrees  of  its  present  assumed  position  on  the  thermometric  scale. 
These  are  all  questions  of  the  most  serious  importance,  not  only  to  the  scien- 
tist, but  particularly  to  the  practical  constructing  engineer,  who  may  be 
engaged  in  the  construction  of  new  machinery,  involving  the  compression 
and  liquefaction,  expanding  and  vaporizing  of  gases  for  various  purposes,  such 
as  refrigeration  and  the  production  and  distribution  of  power  by  compressed 
air  or  other  gases.  And  while  I  am  ntft  particular!)'  anxious  to  raise  the  ques 
tions  relative  to  the  second  law  of  thermodynamics  so  ably  discussed  in  the 
columns  of  this  Journal  many  years  ago  by  Professors  Klein,  Thurston  and 
others,  the  engineer  cannot  ignore  the  facts  brought  out  by  more  recent 
investigators  and  the  bearing  that  these  facts  have  upon  this  matter.  More- 
over, it  seems  almost  like  a  "thermodynamic  heresy  "  to  suggest  anything 
that  would  invalidate  the  practical  utility  of  the  beautiful  entropy  or  thetaphi 
diagrams,  so  ably  treated  by  Professors  Boulvin,  Reeve,  Golding,  Richmond 
and  others.  However,  facts  are  no  respecters  of  either  persons  or  things,  and 
if  it  is  true  that  the  specific  heats  of  gases  change  materially  by  variation  from 
the  normal,  of  either  temperature  or  pressure,  or  both,  and  if  it  is  a  fact  either 
that  there  is  no  such  a  condition  as  that  heretofore  conceived  as  "absolute 
zero,"  all  of  the  beautiful  formulas  so  elaboratel)'  set  forth  in  the  text-books 
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relative  to  adiabatic  compression  and  expansion,  and  in  fact  all  other  formulas 
or  calculations  of  any  kind  based  upon  the  alleged  "absolute  zero,"  must 
either  be  entireh*  eliminated  or  so  modified  as  to  meet  the  new  conditions,  in 
place  of  being  based  upon  the  former  erroneous  assumptions. 

Without  wishing  to  influence  the  opinions  or  actions  of  others  in  the 
premises,  my  own  conclusions  based  upon  recent  researches  and  investi- 
gations are  that  the  larger  part,  if  not  all,  of  the  thermodynamic  formulas, 
as  appear  in  the  text-books,  are  not  only  untrue,  but  absolutely  misleading  ; 
that  the  point  on  the  thermometric  scale  known  as  absolute  zero  either  has 
no  existence  in  point  of  fact  (which  is  the  most  probable),  or  if  there  is  such 
a  point,  it  is  so  far  below  its  preconceived  position  that  it  cannot  be  used  in 
engineering  calculations  to  any  extent  whatsoever  for  practical  purposes ; 
that  the  change  in  the  specific  heats  of  gases,  by  variation  in  temperatures 
and  pressures,  are  so  great  that  these  values  are  also  not  only  useless,  but  mis- 
leading, to  the  engineering  profession,  when  they  are  made  use  of  in  calcu- 
lations upon  which  to  construct  machinery  for  practical  purposes  ;  that  there 
is  not  a  sharp  line  of  demarkation  between  the  liquid  and  gaseous  condition 
of  the  matter,  but  that  the  lower  the  temperature,  the  sharper  the  line,  the 
higher  the  temperature,  the  less  distinct  becomes  the  line  of  demarkation 
until  the  critical  point  is  reached  ;  that,  with  fluids,  the  critical  temperature 
of  which  is  above  that  of  the  normal  temperature,  the  specific  heat  of  the 
fluid  in  gaseous  state  increases  both  with  an  increase  of  temperature  and 
pressure  until  the  critical  state  is  reached,  at  which  point  the  specific  heat 
then  becomes  that  due  to  the  fluid,  at  that  point,  and  that  the  change  in 
specific  heat  from  one  state  to  the  other  is  gradual. 

I  am  aware  that  these  ideas  may  be,  and  probably  will  be,  called  "thermo- 
dynamic heresies,"  and  that  in  ancient  times  people  have  been  put  to  death 
for  the  expression  of  less  radical  ideas  than  these  ;  however,  I  annunciate 
them  for  what  they  are  worth,  and  expect  that  if  the  same  are  not  ignored 
by  those  who  are  better  able  to  discuss  them  than  I  am,  to  be  severely  criti- 
cised. I  am  simply  seeking  the  facts,  and  will  certainly  have  no  unpleasant 
feelings  toward  any  one  who  differs  with  me  in  the  premises,  and  only  the 
most  pleasant  feelings  toward  those  who  may  feel  disposed  to  show  me  that  I 
am  in  the  wrong.  E.  F.  Osborne. 

Chicago,  III.,  April,  1900. 


NOTES    AND   COMMENTS. 


THE  PASSING  OF  THE  LINK  AND  PIN. 
A  branch  of  industry-  which  will,  erelong,  become  extinct,  is  the  manu- 
facture of  links  and  pins  for  coupling  railroad  cars.  Automatic  coupling 
devices  render  unnecessary  the  use  of  these  ancient  contrivances  for  fasten- 
ing cars  together.  The  adoption  of  automatic  couplers  has  been  hastened  by 
national  legislation,  even  though  the  time  has  been  considerably  extended 
before  the  penalties  are  imposed,  and  years  have  passed  since  the  Congressional 
enactment  first  went  into  effect  without  the  punishment  of  any  railroad  official 
for  tardiness  in  making  the  improvement.     So  much  progress  has  been  shown 
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in  changing  the  equipment  of  cars  that  the  day  is  undoubtedly  near  at  hand 
when  links  and  pins  will  only  be  seen  in  collections  of  railroad  curios.  Rail- 
road supply  houses  which  once  handled  them  in  carload  lots,  and  kept  large 
stocks  to  meet  the  steady  demand,  now  find  their  orders  calling  for  a  few  at  a 
time,  while  such  orders  are  likely  to  be  far  apart.  The  passing  of  the  link 
and  pin  is  simply  another  illustration  of  the  march  of  progress.  Apart  from 
the  danger  to  railroad  operatives,  the  old-fashioned  method  of  coupling  cars 
is  objectionable  as  applied  to  modern  rolling  stock,  and  would  probablj-  have 
been  supplanted  in  due  course  by  the  automatic  coupler,  even  without  a  com- 
pulsory law. — Iron  Age. 

DISSOCIATION    OF   AIR   AT  ORDINARY   PRESSURE. 

Prof.  Raoul  Pictet,  of  Geneva,  Switzerland,  whose  name  is  identified  with 
the  early  liquefaction  of  air  and  gases,  recently  made  a  demonstration,  says 
the  Neie  York  Sun,  of  a  process  of  his  invention  for  the  separation  of  the 
oxj'gen  and  nitrogen  of  the  air  at  ordinar}-  pressure. 

It  is  said  that  the  process  is  one  that  is  about  to  be  introduced  in  this  city 
on  a  commercial  scale.  Professor  Pictet's  process  as  described  consists  in  the 
initial  production  of  a  certain  quantity  of  liquid  air  which  is  stored  in  tubes. 
Then  through  this  is  forced,  under  a  pressure  of  only  about  one  atmos- 
phere or  15  pounds  to  the  inch,  a  stream  of  atmospheric  air.  This  is  cooled 
in  the  liquid  air,  but  as  it  rises  in  a  chamber  beyond  the  gases  of  which 
it  is  composed  separate  themselves  by  gravity  and  run  off  in  separate 
tubes.  The  oxygen,  being  slight!}"  the  heavier,  flows  out  through  the  lower 
tube,  while  the  nitrogen  goes  off  above.  In  addition  to  these  gases,  the  air 
contains  as  an  impurit}^  carbonic  acid  gas,  and  this,  it  is  asserted,  leaves  the 
machine  in  a  liquid  form,  being  reduced  to  that  form  bj'  the  low  temperature. 
In  ordinary  liquid  air  as  it  is  produced  by  Tripler,  Ostergren  and  others,  the 
carbonic  acid  gas  is  frozen  and  gives  the  liquid  air  a  milky  appearance.  It  is 
taken  out  by  pouring  the  liquid  air  through  an  ordinary  paper  filter. 

In  a  demonstration  recentlj'  the  apparatus  used  was  of  the  laboratory 
character,  and  the  proof  of  the  effect  was  made  h\  exposing  a  burning  bunch 
of  tow  to  the  end  of  the  pipe  whence  oxygen  was  expected  to  flow,  where  the 
combustion  was  made  more  intense,  while  at  the  end  of  the  other  pipe  the 
neutral  nitrogen  diminished  or  extinguished  the  flame. 

In  the  commercial  machine  it  is  promised  that  with  an  expenditure  of  500 
horse-power  the  daily  output  will  be  500,000  cubic  feet  of  oxygen,  ranging 
from  50  to  90  per  cent,  in  purity,  and  1,000,000  cubic  feet  or  more  of  nitrogen 
of  similar  quality.  In  addition,  it  is  promised  that  1,500  pounds  of  liquid  car- 
bonic acid  will  be  produced. 

The  two  products  for  which  a  direct  commercial  use  is  expected  to  be 
found  are  the  oxygen  and  the  liquid  carbonic  acid  gas.  The  latter  already 
has  a  fixed  place  in  the  market  and  large  quantities  of  it  are  saved  in  well- 
equipped  breweries,  where  it  is  produced  in  great  bulk  through  the  fermenting 
of  beer.  It  is  pumped  into  steel  tubes  under  a  pressure  that  liquefies  it. 
It  is  worth  about  7)^  cents  a  pound. 

The  great  market  which  Professor  Pictet  expects  to  find  for  the  oxygen  is 
to  support  combustion  at  high  temperatures  in  furnaces  where  coal  is  burned, 
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making  such  fires  available  for  purposes  which  only  the  electric  arc  is  now 
suitable  for,  as  well  as  making  a  great  economy  in  producing  heat  forordinarj^ 
purposes.  In  burning  fuel  with  the  oxygen  of  the  air  there  must  be  admitted 
to  the  furnace  about  three  times  the  bulk  of  oxj-gen  or  nitrogen,  and  this 
absorbs  a  large  quantity  of  the  heat.  If  an  excess  of  air  goes  into  the  fur- 
nace, this  also  takes  up  and  wastes  heat.  By  admitting  oxygen  these  losses 
can  be  saved.  This  saving,  Professor  Pictet  thinks,  would  equal  40  per  cent, 
of  the  present  fuel  bill. 

It  is  proposed  to  put  the  oxygen  in  tubes  or  tank  cars  and  ship  it  to  con- 
sumers. Of  the  theoretical  value  of  it  there  can  be  no  doubt.  The  commer- 
cial feature  remains  to  be  demonstrated.  The  nitrogen,  it  is  asserted,  can  be 
used  for  the  production  of  nitric  acid,  and  Professor  Pictet  says  that  by  a  pro- 
cess of  his  invention  he  can  combine  it  into  ammonia  directly  by  exposing 
hydrogen  and  nitrogen  to  the  electric  arc  under  certain  conditions.  If  this 
be  true,  Professor  Pictet  has  solved  a  problem  of  wonderful  value  which  has 
defied  the  researches  of  the  ablest  chemists  of  the  world. 

Concerning  the  foregoing  statements  there  would  appear  to  be  reasonable 
probability  that  Professor  Pictet  has  succeeded  in  practically  solving  the  im- 
portant problem  of  separating  the  constituents  of  the  atmosphere,  which  in 
itself  is  an  important  accomplishment.  The  fixation  of  the  atmospheric 
nitrogen  in  the  form  of  ammonia,  the  heat  of  the  electric  arc,  has  repeatedly 
been  attempted  and  without  success.  W. 


BOOK   NOTICES. 


La  Telegraphic  sans  Fils.  Par  Andre  Broca,  Professeur  de  Phjsique  a  la 
Facultede  Medecine.  Paris:  Gauthier-Villars.  1S99.  i6mo,  pp.  262,with 
34  figures  in  the  text.     (Price,  3.50  francs. ) 

This  work  is  intended  to  serve  the  convenience  of  those  who,  although 
not  specialists,  are  interested  in  the  most  recent  advances  of  science,  and  who 
desire  to  keep  themselves  au  courant  with  its  applications.  W. 


Les  Recettes    du    Distillateiir.      Par  Ed.    Fierz.      i6mo,   pp.     149.       Paris : 
Gauthier-Villars.     1899.     (Price,  2.75  francs.) 

This  volume  contains  140  receipts  for  the  preparation  of  divers  liqueurs, 
cremes,  etc.,  concluding  with  instructions  respecting  the  composition  of  vari- 
ous coloring  matters  indispensable  to  the  distiller.  W. 


Small  Engines  and  Boilers.  A  manual  of  concise  and  specific  directions  for 
the  construction  of  small  steam  engines  and  boilers  of  modern  types,  from 
5  horse-power  down  to  model  sizes.  By  Egbert  P.  Watson.  Illustrated  by 
thirtv  full-page  working  dimensional  drawings.  New  York  :  D.  Van  Nos- 
trand  &  Co.     1899.     (Price,  |r. 25.) 

This  work  has  been  prepared  for  the  special  benefit  of  amateur  and  other 
non-professional  workers  who  need  a  guide  for  the  construction  of  small  en- 
gines and  boilers,  and  who  are  presumed  to  have  some  acquaintance  with 


394  Book  Notices.  [j.  F.  I., 

ordinary  machine  work,  and  some  facilities  for  doing  such  work.  The 
author  has  made  his  instructions  very  clear,  and,  with  the  aid  of  his  dimen- 
sioned plans,  the  book  should  prove  very  useful  to  the  class  for  which  it  has 
been  prepared.  W. 

Phoioi^raphic  Mosaics.  An  annual  record  of  photographic  progress.  Edited 
by  Edward  L.  Wilson,  Editor  of."  Wilson's  Photographic  ]\Iagazine,"  etc. 
Thirty-sixth  year.  i2mo.  New  York  :  Edward  L.  Wilson.  London:  Daw- 
born  &  Ward,  Ltd.     1900. 

The  edition  of  this  well-known  photographic  annual  has  retained  in  its 
thirty-sixth  volume  the  general  features  with  which  its  army  of  readers  are 
familiar. 

It  embraces  a  resume  of  photographic  progress  in  1899,  covering  every 
branch  of  the  art ;  and  a  section  of  original  contributions  from  well-known 
experts;  the  whole  covering  288  pages,  and  embellished  with  a  number  of 
pictures  from  the  best  professional  workers.  W. 


Conipeiid  of  Mechanical  Refrigeration  ;  a  comprehensive  digest  of  applied 
energetics  and  thermodynamics  for  the  practical  use  of  ice  manufacturers, 
cold  storage  men,  contractors,  engineers,  brewers,  packers  and  others  inter- 
ested in  the  application  of  refrigeration.  Third  edition.  By  J.  K.  Siebel, 
Director  Zymotechnic  Institute,  Chicago.  Chicago  :  H.  S.  Rich  &  Co., 
1899.    i2mo,  pp.  389.    (Price,  in  cloth,  $3.00  ;   in  flexible  morocco,  $3.50.) 

The  author  appears  to  have  condensed  in  this  small  volume  a  large  amount 
of  information,  theoretical  and  practical,  bearing  upon  the  subject  of  refriger- 
ation and  its  numerous  practical  applications  in  the  arts.  It  should  prove  of 
special  utility  to  engineers  and  others  who  are  directlj^  interested  in  the  use  of 
refrigerating  machinery,  since  the  author,  in  addition  to  devoting  special  chap- 
ters to  the  practical  application  of  refrigeration,  has  collected  and  presented 
in  convenient  form  a  large  body  of  rules,  tables  and  formula  which  will  be 
found  of  much  value  for  readily  answering  many  questions  that  arise  in  the 
practice  of  the  art.  W. 


Victor  von  Richter's  Organic  Chemistry;  or  chemistry  of  the  carbon  com- 
pounds. Edited  by  Prof.  R.  Auschiitz  (assisted  by  Dr.  G.  Schroeter  . 
Authorized  translation  b^-  Edgar  F.  Smith,  Professor  of  Chemistry,  Univer- 
sity of  Pennsylvania.  Third  American  from  the  eighth  German  edition. 
Volume  II.  Carbocyclic  and  Heterocyclic  Series.  Philadelphia  :  P. 
Blakiston's  Son  &  Co.    19CO.     (Price,  I3. 00.) 

The  present  edition  of  this  admirable  work  needs  no  special  endorsement 
to  commend  it  to  students  and  teachers.  It  embodies  the  latest  theoretical 
and  experimental  developments  of  this  branch  of  the  science  of  chemistry-. 
The  translator's  share  in  the  work  has  been  thoroughly  well  done,  and  the 
publishers  have  issued  it  in  their  customary  creditable  manner.  W. 

Soine  Properties  of  Rocks  and  Soils  in  Relation  to  the  Search  for  Potable 
Water  and  the  Perforation  of  Tunnels.     By  Prof.  Gustavo  Uzielli. 

The  conclusions  reached  in  this  pamphlet,  especially  those  regarding  the 
expansion  of  soils  due  to  air  chambers  formed  b}-  the  filtration  of  water  and 
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the  contraction  which  these  chambers  produce  upon  tunnels  in  process  of 
construction,  are  of  considerable  importance  in  the  application  of  geology  to 
engineering.  The  experiments  performed  by  the  author  to  show  the  forma- 
tion of  air  chambers  by  water  filtration  through  various  kinds  of  soil  are  very 
interesting  and  convincing.  The  work  throughout  is  an  exhibition  of  pro- 
found thought  and  clearness,  and  should  be  brought  to  the  notice  of  every 
engineer  interested  in  geological  studies.  L.  d'A. 


Franklin  Institute* 


^^Proceedings  of  the  stated  meeting  held  Wednesday,  April  iS,  /goo.] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  April  iS,  1900 

Mr.  John  Birkinbine,  President,  in  the  chair. 

Present,  96  members  and  visitors. 

Additions  to  membership  since  last  month,  29. 

The  Actuary's  report  contained  the  following  reference  :  "  The  Board  *  * 
announces,  with  extreme  regret,  the  decease  of  the  Senior  Vice-President  of 
the  Institute,  Mr.  Chas.  Bullock,  who  died  March  21,  1900."  The  President 
stated,  in  connection  therewith,  that  the  Board,  in  special  session,  had  adopted 
formal  resolutions  of  respect  to  the  memory  of  its  deceased  member  and  offi- 
cer, and  that  a  committee  had  been  appointed  to  prepare  a  suitable  memorial 
for  publication  in  the  Journal. 

A  special  election  was  held  to  fill  the  vacanc}'  in  the  vice-presidency  caused 
by  the  (feath  of  Mr.  Bullock,  and  resulted  in  the  election  of  Mr.  Washington 
Jones. 

The  vacancy  in  the  Board  caused  by  the  election  of  Mr.  Jones  to  the  vice- 
presidency  was  filled  by  the  election  of  I\Ir.  Samuel  F.  Houston. 

Dr.  Joseph  W.  Richards,  of  Lehigh  University,  Bethlehem,  Pa.,  presented 
an  interesting  communication  on  "  Recent  Progress  in  the  Aluminum  In- 
dustries." 

Dr.  Richards  referred  more  particularly  to  the  steadily  increasing  use  of 
the  metal  for  the  production  of  a  great  variety  of  decorative  articles  ;  for 
electrical  conductors  in  place  of  copper  ;  for  culinary  vessels  ;  for  lithographic 
work  ;  and,  in  the  form  of  powder,  as  a  flash-light  in  photography  ;  as  a  paint 
for  protecting  exterior  iron  work,  and  for  the  reduction  of  the  oxides  of  the 
difficultly  reducible  metallic  oxides,  such  as  chromium,  manganese,  titanium, 
vanadium,  etc.  The  speaker  illustrated  his  remarks  by  the  exhibition  of  a 
large  collection  of  specimens,  and  performed  the  interesting  experiment  of 
reducing  chromic  oxide  with  powdered  aluminum. 

Mr.  S.  Ashton  Hand  made  some  most  instructive  remarks  on  the  "  Devel- 
opment of  Negatives,"  giving  the  results  of  his  long  experience  in  the  art  of 
correcting  defects  in  negatives  due  to  over-exposure,  under-exposure  and  other 
defects  familiar  to  photographers.     Mr.  Hand  illustrated  his  remarks  bj'  the 
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exhibition  of  a  series  of  negative  and  positive  lantern  slides  of  the  same  sub- 
ject, in  which  these  various  defects  and  their  proper  treatment  were  shown 
in  a  most  instructive  way. 

Mr.  Chas.  P.  Jacobs  described  and  exhibited  an  improved  apparatus  for 
aerating  beverages,  which  involved  the  employment  of  small  steel  capsules 
filled  with  liquid  carbonic  acid. 

The  Secretary  made  some  comments  on  the  recently  devised  process  of  Mr. 
E.  G.  Acheson  for  converting  anthracite  culm  into  graphite,  and  exhibited  a 
number  of  samples  of  the  product,  which,  according  to  analyses,  was  almost 
chemically  pure.  The  process  of  Mr.  Acheson's  method  is  a  development  of 
his  electric  furnace  process  for  producing  carborundum. 

Messrs.  Wm.  R.Webster  and  Carl  Herring  were  appointed  delegates  of  the 
Institute  to  the  various  Scientific  and  Technical  Congresses  to  be  held  in  con- 
nection with  the  Paris  Exposition. 

Adjourned.  Wm.   H.  Wahi., 

Secretary. 


COMMITTEE  on  SCIENCE  and  the  ARTS. 


[^Abstract  of  proceedings  of  the  stated    meeting  held   Wednesday,   April 

4,1900.'] 

Mr.  H.  R.  Heyl  in  the  chair. 

The  following  reports  were  adopted  : 

Rail  foint. — Harry  Villenoweth,  Philadelphia. 

Abstract. — The  invention  is  the  subject  of  letters-patent  of  the  United 
States,  No.  574,466,  dated  January  5,  1897,  granted  to  applicant,  and  is  de- 
signed to  effectively  hold  the  contiguoiis  rails  in  alignment  and  prevent  their 
longitudinal  displacement  ;  also,  to  take  the  place  of  the  ordinary  fish-plates 
by  substituting  a  brace  on  each  side  of  the  rail,  extending  beneath  the  rail. 
After  examination,  the  sub-committee  charged  with  the  investigation  reported 
that  the  device  contained  too  many  parts  for  any  joint  to  work  properly  at 
the  connecting  ends  of  rails  where  expansion  and  contraction  must  be  pro- 
vided for  and  vertical  stiffness  obtained;  also,  that  there  are  numerous  other 
joints  in  use  which  come  nearer  to  meeting  the  requirements  of  railway  ser- 
vice than  the  invention  under  consideration.  ,  Certain  specific  mechanical 
objections  are  also  referred  to  in  detail.  \^Sub ■  Committee ,  J.  J.  DeKinder, 
Chairman;  Jos.  T.  Richards.] 

Round-lap  Baling  System  for  Cotton. — American  Cotton  Co.,  New  York. 

Abstract. — By  the  system  and  machinery  employed  by  the  American 
Cotton  Company  a  product  is  made  which  is  known  commercially  as 
"  Round-lap  Bale  Cotton,"  which  is  said  to  have  advantages  possessed  by  no 
other  bale  in  the  market.  For  example,  each  and  every  bale  can  be  unrolled 
clear  to  the  center,  and,  as  they  are  unwrapped,  can  be  fed  to  the  lappers 
without  extra  hand  labor,  aud  several  bales  can  be  unrolled  and  fed  into  the 
lapper  at  the  same  time,  thus  mixing  automatically.  After  specifically  paint- 
ing out  these  advantages,  the  report  concludes  as  follows: 
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"  From  a  great  mass  of  evidence  which  the  Sub-Committee  has  gathered,  it 
appears  that  the  Round-lap  Bale  System  introduced  b}-  the  American  Cotton 
Company  has  positively  done  away  with  all  the  objectionable  features  of  the 
old-style  '  square -bale  '  method  of  baling  cotton,  against  which  the  cotton 
spinners  of  Europe  and  America  have  been  protesting  for  many  years  ;  and, 
incidentally,  that  the  new  system  has  introduced  large  economies,  the  bene- 
fits of  which  are  enjoyed  b}-  producers  and  factors  as  well  as  by  the  spinners." 

The  award  of  the  Elliott  Cresson  Medal  is  made  to  the  American  Cotton 
Company  in  recognition  of  the  importance  of  the  revolution  in  the  cotton 
industry  brought  about  by  the  introduction  of  the  "  Round-lap  Bale  vSystem." 

Also,  the  award  of  the  John  Scott  Legac}'  Premium  and  Medal  is  recom- 
mended to  Magnus  Swenson,  for  his  invention  of  the  Round-lap  Baling  Cotton 
Compress.  [^Sub-Comntittec,  Chas.  E.  Ronaldson,  Chairman;  James  Christie, 
M.  R.  Muckle,  Jr.,  Chas.  A.  Teal.] 

Press  for  Cofnpressing  Cotton^  etc. — Geo.  A.  Lowry,  Chicago,  111. 

Abstract. — This  machine  is  equally  well  adapted  to  compress  and  bale  cot- 
ton and  all  varieties  of  fibrous  materials,  coarse  and  fine  hay  and  metal  scrap. 

In  the  case  of  cotton,  the  machine  obviates  the  necessity  of  two  distinct 
compressions,  to  which  square-bale  cotton  is  usually  subjected.  The  machine 
may  be  erected  and  operated  at  the  cotton-gin,  where  the  cotton  as  it  leaves 
the  gin  falls  or  is  fed  into  the  hopper  of  this  compress,  where  it  is  subjected 
to  one  compression,  baled,  wired,  put  into  bags  and  shipped  to  its  destination 
and  without  further  manipulation. 

After  describing  in  detail  the  mechanical  features  of  the  Lowry  press 
(which  would  not  be  intelligible  without  the  aid  of  illustrations),  the  report 
proceeds  to  enumeraie  the  meritorious  features  of  the  machine  as  follows: 
These  consist  in  (i)  its  adaptability  to  bale  and  handle  a  great  variety  of 
materials;  (2)  its  general  efficiency;  (3)  the  uniformity  and  density  of  the 
finished  product,  and  certain  specific  mechanical  advantages  which  are 
enumerated.  Together  these  constitute  new  and  important  features  in  appa- 
ratus of  this  class.  The  report  dwells  also  on  the  fact  that  the  machine  is 
applicable  to  the  compression  of  a  large  class  of  raw  products. 

The  importance  of  the  invention  is  recognized  by  the  recommendation  of 
the  award  of  the  Scott  Legacy  Premium  and  Medal.  \^Sub-Conitniltce,  Chas. 
E.  Ronaldson,' Chairman;  M.  R.  Muckle,  Jr.,  James  Christie  and  Chas.  A. 
Teal.j 

Improvements  in  Steam  Injectors. — Strickland  L.  Kneass,  Philadelphia. 
This  report,  after  discussion,  was  referred  back  to  the  Sub-Committee  for 
the  consideration  of  certain  objections. 

The  following  reports  passed  first  reading  : 
Basi7i  Syston. — C.  L.  Ricker,  Newburgh,  N.  Y. 
Letter  and  Document  File. — Wm.  H.  Tucker,  Newark,  N.  J. 
Exhibit  of  the  Pencoyd  Iron  Works,  at  the  National  Export  Exposition. 
Exhibit  of  A.  f.  Holman  &  Co.,  Philadelphia. 
Exhibit  of  Laird,  Shober  &  Co.,  Philadelphia. 
Exhibit  of  U.  S  Geological  Survey. 
VariabU'Speed  Countershaft. — INIilton  O.  Reeves,  Columbus,  Ind. 

W. 
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Section  of  Photography  and  1sIicv.osq.ovs.— Stated  Meetint;-,  Tuesday, 
April  3d,  8  P.M. 

This  section  organized  by  the  election  of  the  following  officers  :  President, 
Dr.  Henry  LefFniann  ;  Vice-Presidents,  E.  E.  Ives  and  John  G.  Baker  ;  Con- 
servator, Dr.  William  H.  Wahl  ;  Secretary,  F.  M.  Sawyer. 

Mr.  S.  Ashtou  Hand  read  a  paper,  which  was  fully  illustrated,  on  the 
making  of  lantern  slides,  with  a  series  of  very  instructive  illustrations.  A 
communication  was  presented  by  Dr.  Martin  J.  Wilbert  on  "  Photographing 
Without  the  Aid  of  Light."  Among  the  interesting  experiments  shown  was 
one  in  which  a  coin  was  heated  and  then  inclosed  with  a  sensitive  plate  in 
such  a  way  as  to  entirely  exclude  light,  with  the  result  of  producing  a  nega- 
tive in  which  the  heat  waves  are  supposed  to  have  been  the  active  agent. 

Mr.  John  G.  Baker  exhibited  on  the  screen  some  stereoscopic  views  by 
means  of  a  special  stereoscope  which  he  had  designed. 

The  regular  meeting  night  was  changed  from  the  first  Tuesday  to  the  first 
Thursday  of  each  month,  the  next  meeting  to  take  place  on  Thursday, 
May  3d.  F.  W.  Sawyer, 

Secretary. 

Physical  and  Astronomical  SncTws.— Stated  Afeettng,  Friday,  April 
6,  8  P.M.     Dr.  Wahl  in  the  chair. 

Mr.  H.  M.  Watts  made  an  informal  address  on  "  The  Proper  Organization 
of  the  Modern  State  Weather  Service." 

Mr,  Watts  reviewed  the  history  of  the  various  State  weather  services  that 
have  been  organized  with  the  co-operation  of  the  United  States  Weather 
Bureau,  devoting  more  especial  attention  to  that  of  Pennsylvania,  which, 
through  the  instrumentality  of  the  Franklin  Institute,  was  organized  in  1857. 
It  was  one  of  the  first  and  was  conducted  under  the  direction  of  the  Committee 
of  Meteorology  of  the  Institute  with  the  aid  of  an  appropriation  from  the 
State  for  some  eight  years,  when,  owing  to  the  failure  of  the  State  to  make 
an  appropriation,  the  work  was  taken  up  and  continued  by  the  United  States 
Weather  Bureau.  Mr.  Watts  thought  the  time  was  now  ripe  for  a  concerted 
movement  among  the  various  scientific,  technical  and  other  institutions  of 
learning  of  the  State  to  take  up  the  subject  in  a  systematic  way  and  build 
upon  the  present  foundation  a  service  for  the  State  which  with  such  co-opera- 
tion could  be  made  far  more  useful  than  it  formerly  was.  He  instauced  a 
number  of  directions  in  which  such  a  service  might  be  extended  with  great 
advantage,  especially  to  the  commercial,  agricultural  and  manufacturing 
interests.  He  cited  the  Maryland  and  Massachusetts  State  Weather  Services 
as  typical  examples  of  what  might  be  done  in  Pennsylvania  by  a  properly 
organized  and  equipped  establishment. 

A  lengthy  discussion  followed  Mr.  Watts'  address,  in  which  Mr.  T.  F. 
Townsend,  Assistant  in  charge  of  the  present  State  Weather  Service;  Pro- 
fessor Doolittle,  of  the  University  of  Pennsylvania  ;  Dr.  Wahl,  Secretary  of 
the  Institute,  and  others  took  part. 

The  subject  was  made  a  special  order  for  the  stated  meeting  in  Mav. 

W. 
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Electrical  Section. — Special  Meeting,  held  Tuesday,  April  10,  8  p.m. 
Prof.  W.  S.  Franklin  in  the  chair.     Present,  84  members  and  visitors. 

Mr.  Chas.  F.  Scott,  Chief  Electrician,  Westinghouse  Electric  and  Manu- 
facturing Company,  presented  a  paper  on  "  Modern  Central  Station  Practice." 
Mr.  Scott  pointed  out  that  the  word  "  modern  "  in  this  connection  must  refer 
to  the  last  four  or  five  years,  as  the  "  ancient  "  in  central  stations  dates  back 
only  a  score  of  years.  The  bitter  controversy  between  alternating  current  and 
direct  current  which  prevailed  ten  or  twelve  years  ago  has  been  renewed  in 
another  form.  The  direct  current  has  had  a  fairly  well-defined  field  in  centers 
of  cities,  while  the  alternating  current  has  not  only  found  favor  in  towns  and 
outlying  districts  where  areas  are  wide,  but  has  also  been  used  extensively 
in  city  distribution  as  well. 

In  the  new  engineering  which  is  made  necessary  by  the  extension  and 
combination  of  electric  interests,  it  is  essential  to  generate  power  in  large 
stations  favorably  located.  Direct-current  distribution  therefore  demands  an 
alternating-current  power  station  distributing  to  sub-stations,  where  the 
current  is  converted  into  direct  current  by  rotary  converters.  The  question 
then  arises  whether  it  is  better  to  convert  into  direct  current,  or  to  distribute 
the  alternating  current  without  the  intervening  machinery  with  its  in- 
herent losses  and  the  complication  in  operation  which  are  involved  if  the 
current  is  converted  into  direct  current.  The  various  pieces  of  apparatus, 
including  generators,  rotary  converters  and  motors,  which  are  used  in  con- 
nection with  the  central  station  system  were  then  taken  up  in  detail.  The 
most  recent  types  of  construction  were  illustrated  and  explained,  and  particu- 
lar attention  was  given  to  those  characteristics  which  are  of  particular 
engineering  interest,  and  which  bear  particularly  upon  the  choice  between 
direct  current  and  alternating  current  distribution. 

In  connection  with  the  parallel  operation  of  alternators,  a  mechanical 
analogue  was  presented  in  the  form  of  two  engines,  which  drive  a  common 
load  through  gear  wheels  which  are  connected  with  pinions  on  a  common 
shaft,  instead  of  alternators  which  are  connected  to  conmion  bus  bars.  It 
was  pointed  out  that  the  operation  of  the  engines,  both  as  to  the  manner  in 
which  they  may  be  first  connected  together,  the  conditions  relative  to  division 
of  load  and  to  the  shifting  of  load  between  the  two  engines  are  the  same  in 
most  respects  whether  the  engines  be  connected  by  gear  wheels  or  alter- 
nators. 

Some  interesting  facts  respecting  the  operation  of  rotaries,  particularly  as 
to  "hunting,"  were  presented,  together  with  the  means  which  are  effective 
in  counteracting  the  various  tendencies  to  this  action.  It  was  stated  that  the 
better  class  of  rotaries  are  now  operating  with  the  same  high  standard  of 
excellence  which  characterizes  other  types  of  electrical  apparatus. 

The  old  controversy  between  the  induction  and  the  synchronous  motor  is 
rapidly  dying  out,  as  there  are  few,  if  any,  who  advocate  the  synchronous 
motor  for  small  work,  while  the  dividing  line  in  size  between  the  field  where 
induction  motors  are  universally  accepted  and  that  in  which  there  is  still 
some  difference  of  opinion  is  rising.  Mr.  Scott  stated  that  he  thought  it 
quite  certain  that  the  induction  motor  would  not  wholly  replace  the  synchro- 
nous motor,  as  there  are  some  few  conditions  under  which  some  of  its  features 
are  of  sufficient  value  to  more  than  compensate  for  its  many  objectionable 
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elements.  The  adaptability  of  the  induction  motor  to  general  service  of  a 
city  where  simplicity  and  reliability  are  of  paramount  importance  was  ex- 
plained, and  it  was  pointed  out  that  while  reliability  rather  than  efficiency  is 
the  important  element,  yet  the  efficiency  of  the  induction  motor  is  practically 
the  same  as  that  of  the  direct-current  motor  at  full  load;  it  is  higher  at  small 
loads,  particularly  in  small  sizes,  where  the  brush  friction  of  direct-current 
motors  is  comparatively  high. 

The  characteristics  of  alternating-current  apparatus  make  it  in  many  re- 
spects the  ideal  form  for  use  throughout  the  whole  of  a  city  plant.  The  diffi- 
culty which  confronts  the  engineer  at  the  present  moment  is  the  necessity  of 
using  the  various  existing  apparatus  in  a  comprehensive  system,  while  at  the 
same  time  he  may  be  working  forward  to  ultimately  reach  the  system  which 
will  possess  the  greatest  simplicity,  reliability  and  economy  in  its  operation. 

The  meeting  passed  a  vote  of  thanks  to  the  speaker  of  the  evening  and 
adjourned.  W. 

Mining  and  Metai.i,urgicai.  Section. — Stated  Meeting,  held  Wednes- 
day evening,  April  nth.      Mr.  Joseph  Richards  in  the  chair. 

Mr.  Wm.  R.  Webster,  Chairman  of  Committee  No.  i  of  the  American 
Branch  of  the  International  Association  for  Testing  Technical  Materials,  pre- 
sented a  report  on  the  work  that  had  been  accomplished  by  this  Committee. 
Advance  copies  of  the  specifications  drawn  up  by  the  Committee  are  ready 
for  those  desiring  to  enter  into  the  discussion  of  these  in  the  fall. 

Mr.  Robert  Job,  Chemist  of  the  Reading  Railway,  Reading,  Pa.,  read  a 
paper  on  "  Railway  Journal  Bearings."  He  emphasized  the  importance  of 
the  proper  structural  arrangement  of  the  metals  in  the  composition,  gave 
some  good  hints  on  the  proper  manipulation  of  this  class  of  material  in  the 
foundry  and  described  the  causes  prevalent  in  causing  the  so-called  "hot 
box."  The  paper  was  well  illustrated  by  a  number  of  photographs  and 
photomicrographs.  The  paper  was  discussed  by  Mr.  Squire,  of  the  Atchison, 
Topeka  &  Santa  Fe  R.  R.;  Mr.  Brown,  of  the  B.  &  O.;  Mr.  G.  H.  Clamer, 
the  author,  and  others. 

A  vote  of  thanks  was  tendered  Mr.  Job  for  his  interesting  paper. 

Adjourned. 

G.  H.  Clamer, 

Secretary. 

Mechanical  and  Engineering  Section. — Stated  Meeting,  held  Thurs- 
day, April  I2th,  8  p.m.     Prof.  J.  F.  Rowland,  Jr.,  in  the  chair. 

Present,  twentj'^-four  members  and  visitors. 

The  topic  for  discussion,  "  Power  Transmission  by  Belting,  Ropes  and 
Chains,"  was  opened  by  Mr.  Wilfred  Lewis,  who  gave  a  general  resuine  oi 
the  subject,  including  the  results  of  his  own  experiments  on  transmission  bj^ 
belting.  He  was  followed  by  Mr.  F.  Earth,  of  Bethlehem,  Pa.,  who  entered 
more  closely  into  the  theory  of  leather  belting,  as  deduced  from  practice  in 
large  machine  shops  and  factories.  INIessrs.  Spencer,  Miller  and  Fullerton 
closed  the  discussion  with  a  few  remarks  in  reference  particularly  to  rope 
drives  and  driving,  and  the  proper  designing  of  sheaves  for  that  purpose. 

D.  Eppelsheimer,  Jr., 

Secretary. 
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CAST  WELD  AND  SURFACE  CONTACT  BONDS. 


By  W.  E.  Harrington, 
Electrical  Engineer,  Member  of  the  Section. 


To  determine  definitely  the  electrical  resistance  of  cast 
weld  joints  under  various  conditions  with  and  without 
bonds,  Wm,  Wharton,  Jr.,  &  Co.  kindly  poured  two 
joints  around  two  pieces  of  9  inch  girder  rail  each  3  feet 
long.  One  joint  was  provided  with  flat  copper  bond  made 
up  of  two  pieces  of  copper,  4X  5^x^  inches,  securely  con- 
tacted with  the  rail  web  upon  each  side  of  web,  with  iron 
plates  6  X  6|  X  1^  held  by  four  ^  x  2J  bolts,  as  shown  in  fol- 
lowing sketches,  Figs,  i,  2  and  j. 

The  cast  weld  joints  were  poured,  having  the  general 
dimensions  as  shown  in  sketch.  Fig.  ^,  two  of  the  fish  plate 
holes  showing.  The  Weston  milli-voltmeter  was  connected 
24-inch  centers  upon  head  of  rail,  or  12  inches  each  side  of 
joint. 
Vol.  CXLIX.     No.  894.  26 


402 


Harrington 


[J.  F.  1.. 


The  method  of  testing  adopted  was  to  obtain  the  drop 
in  voltage  or  difference  in  potential  around  the  various 
joints,  the  milli-voltmeter  connections  made  upon  24-inch 
centers.  The  resistance  in  ohms  of  24  inches  of  solid  rail 
section  was  first  obtained  by  measuring  the  drop  in  volts  in 
18  inches  and  reducing  it  to  24  inches.  Weston  instruments 
were  used. 
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Fig.  2. 
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Fig.  3(^. 


The  contacts  of  the  milli-voltmeter  were  made  through 
contacts  made  with  Edison-Brown  alloys.  The  resistance 
of  the  solid  rail  was  used  as  a  basis  of  comparison. 

The  tests  were  made  by  placing  the  rail  with  its  joint  in 
series  with  an  ammeter,  circuit  breaker,  switch  and  water 
rheostat  and  taking  readings  of  the  drop  in  milli-volts  at 
each  reading  of  current  in  amperes  as  shown  upon  ammeter. 
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The    foregoing  diagram  of  circuit  connections    will   show 
clearly  the  simplicity  of  the  method  employed,  Ftg.  j. 

Herewith  is  a  table  of  tests,  with  calculated  results,  show- 
ing resistance  of  24  inches  of  solid  rail  : 

RESISTANCE  9-INCH  GIRDER  RAIL.     P.  S.  CO.     SECTION  No.  200. 


Amperes. 

Volts. 

Ohms,  18  Inches. 

Ohms,  24  Inches. 

40 

■00060 

•000015 

•000020 

45 

•00070 

•000015 

•00J020 

50 

•00080 

•000016 

•000021 

60 

•00090 

•000015 

•000020 

70 

•00 1 00 

•0000143 

•000019 

80 

•0012 

•000015 

•000020 

90 

•0014 

•000015 

•O00C20 

100 

•0016 

•000016 

•000021 

Average  resistance  24  inches  =  ^00002  ohm. 

Note.— The  above  readings  were  calculated  to  compare  with  2  feet  of  rail  resistance, 
to  compare  with  joint  tests,  which  were  made  upon  iS-inch  basis. 

Herewith  is  table  of  tests,  with  calculated  results,  show- 
ing resistance  of  a  plain  cast  weld  joint  upon  a  9-inch  girder 
rail.     Section  No.  200,  P.  S.  Co. 

WITHOUT  BOND. 


Amperes. 

Volts. 

Ohms. 

Remarks. 

30 

•oooS 

■000027 

35 

■OC09 

•000026 

40 

•0010 

•000025 

45 

•001 1 

■000024 

50 

•0013 

•000026 

55 

•0014 

■000025 

Average  resistance  = 
■000026  ohm. 

60 

•0016 

•000026 

65 

•0017 

■000026 

70 

•0019 

■000027 

75 

•0020 

•000026 

100 

■0027 

•000027 

Herewith  is  a  table  of  tests,  with  calculated  results,  show 
ing  resistance  of  cast  weld  joint  with  plates  contacting  with 
each  side  of  rail,  as  shown  above,  as  per  sketch  No.  i  : 
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Amperes. 

Volts. 

Ohms. 

Remarks. 

30 

•0012 

•000040 

35 

'0014 

•000040 

40 

•0016 

•000040 

45 

•0018 

•000040 

50 

•0020 

•000040 

55 

'0022 

•000040 

Average  resistance  = 
•     -00004  ohm. 

60 

•0024 

•000040 

65 

•0026 

•000040 

70 

•0028 

•000040 

75 

•0030 

■000040 

100 

'0040 

•000040 

Herewith  is  a  table  of  tests,  with  calculated  results,  show- 
ing resistance  of  plain  cast  weld  joint,  supplemented  with 
one  complete  "  Bryan  "  bond  24-inch  centers  around  the  out- 
side of  joint.  The  Bryan  bond  consists. of  two  4/0  B.  &  S. 
gauge  copper  wire  held  between  curved  surface  of  bronze 
and  malleable  iron  castings,  the  bronze  casting  contacting 
with  a  corrugated  copper  disk,  which,  in  turn,  contacts  with 
a  ground  surface  of  rail  web,  all  contacting  surfaces  being 
treated  with  Edison-Brown  alloy. 

The  actual  area  of  contact  made  by  the  Bryan  bond  upon 
the  web  of  rail  is  difficult  to  determine,  owing  to  the  corru- 
gation  of  the  copper  disk,  although  the  plentiful  use  of 
Edison-Brown  alloys  would  indicate  a  complete  contact. 


Amperes. 

Volts. 

Ohms. 

Remarks. 

40 

•00070 

•000017 

50 

'00090 

•000018 

60 

•0011 

■ooooiS 

70 

•0013 

•OC0018 

Average  resistance  = 
•ooooiS  ohm. 

80 

•0015 

•000018 

90 

•0017 

•000018 

100 

'0019 

•000019 
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A  plain  cast  weld  joint  was  taken  and  a  hole  \  inch  in 
diameter  by  \  inch  deep  was  drilled  between  the  bottom 
rail  ends  down  to  the  cast  weld,  as  shown  in  following- 
sketches,  Figs,  6  and  6b. 

The  metal  was  so  hard  the  drill  would  hardly  cut  it;  the 
drill  was  run,  using  soda  water  as  a  lubricant.  The  hole  was 
cleaned  out  and  thoroughly  amalgamated  with  Edison- 
Brown  alloys,  and  finally  filled  up  to  the  surface  with  Edi- 
son-Brown flexible  solder.     The  result  of  the  test,  showing 


Fig.  6. 


Fig.  6b. 


the  drop  in  voltage  and  ohmic  resistance,  is  shown  in  the 
following  table : 


Amperes. 

Volts. 

Ohms. 

Remarks. 

30 

•ooo6 

•000020 

40 

•0009 

•000022 

5° 

•001 1 

■000022 

6o 

•0013 

•000022 

Average  resistance  = 
•C00021  ohm. 

70 

•0016 

■000021 

8o 

•0018 

■000022 

90 

•0020 

•000022 

100 

•0022 

•000022 

June,  1900.]      Cast    Weld  and  Surface  Contact  Bonds. 
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The  plain  cast  weld  joint  was  again  taken,  the  amalgam 
removed  from  hole  and  a  piece  of  sheet  copper  30  inches 
long  by  4  inches  wide  by  ^  inch  thick  with  two  ijlg-inch 
holes  punched  therein  was  placed  to  go  around  the  cast  weld 
joint  and  contact  with  the  rail  web  in  the  same  holes  that 
the  test  had  been  made  previously,  with  the  Bryan  bond 
upon  24-inch  centers,  the  contacts  were  thoroughly  amalga- 
mated with  the  Edison-Brown  alloys. 

Washer  plate  4  inches  square  was  used  with  i-inch 
bolt  and  lock  washer  to  hold  each  of  the  two  ends  in  form 
and  positive  contact  with  the  rail  web. 


Fig.  7. 


Herewith  is  a  sketch  of  the  connections  and  form  of 
bond,  Fig.  7. 

The  area  of  contact  upon  each  of  this  bond  is  1 5  square 
inches. 

Herewith  is  table  showing  the  results  of  the  ohmic 
resistance  and  voltage. 


Amperes. 

Volts. 

Ohms. 

Remarks. 

30 

•0004 

•000013 

40 

■0006 

•000015 

50 

•0008 

•000016 

60 
70 

•0010 
'00128 

"000016 
•000017 

Average  resistance  => 
000016  ohm. 

80 

•00130 

•000016 

90 

•00150 

•000016 

100 

•00160 

•000016 
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CAST  WELD  JOINT   ELECTRICAL  TESTS.     SUMMARY  OR   COMPARISONS   OF 

TESTS. 


Test. 

Ohms. 

Percentage  Comparisons  of  Resistance 
OF  EACH  Test  with  the  Resistance  of 
Solid  Rail  Resistance. 

Per  Cent.  Less 

Per  Cent.  Greater. 

•000020 
•000026 

•000040 
■000018 
■000021 

•000016 

ID 

20 

Plain  cast  weld 

Cast  weld  with  copper  con-]^ 
tacts,  Fig.    I       J 

Plain  cast  weld  with  2—4/0) 
Bryan  bond J 

Plain  cast  weld  with  J4  x  %  I 
Edison-Brown  alloy  plug  j 

Plain  cast  weld  with  30-inch "| 
X  4-inch  x  Vs-inch   sheet  J- 
copper  outside ) 

30 
100 

5                * 

Herewith  is  a  copy  of  a  letter  from  Messrs.  Wm.  Whar- 
ton, Jr.,  &  Co.  as  to  the  composition  of  the  cast  iron  in  the 
joints  : 

Philadelphia,  June  3,  1898. 
Subject — Recomposition  of  iron  in  test  joints. 
Mr.  W.  E.  Harrington, 

General  Manager  Camden  and  Suburban  Railway  Company. 
Dear  Sir: — Referring  to  the  matter  of  the  composition  of  the  cast  weld 
joints  made  for  your  experiments  day  before  yesterday,  we  beg  to  say  that 
the  joints  were  run  in  with  other  work,  and  no  record  was  kept  of  what  heat 
they  were  taken  from,  but  to  the  best  of  our  judgment  the  following  would 
be  the  result  of  an  analysis  of  this  metal: 

Iron 92^66 

Combined  carbon "30 

Graphite 3-45 

Silicon 2*25 

Sulphur '04 

Phosphorus '70 

Manganese "60 

Total loooo 

Trusting  this  will  answer  your  purpose,  we  remain. 

Very  respectfully, 
Wm.  Wharton,  Jr.,  &  Co.,  Incorporated, 

(Signed)  A.   B.  Kibbe, 

Engineer  of  Construction. 
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TRACK    TESTS    OF    JOINTS. 


Various  attempts  were  made  to  test  joints  in  street  by 
•using  a  water  rheostat  and  making  connection  to  overhead 
trolley,  assuming  that  current  would  flow  through  joint 
either  from  or  to  the  power  station  according  to  the  manner 
the  power  station  is  connected. 

The  results  obtained  from  this  method  were  of  such  a 
variable  character  as  not  to  be  depended  upon,  owing  to 
the  uncertainty  of  the  amount  of  current  flowing  through 
the  joint. 

The  only  tests  which  gave  correct  results,  under  the 
above  conditions,  were  those  made  upon  the  last  joints  at 
•extreme  ends  of  line. 

In  this  connection  it  is  interesting  to  note  the  tests  made 


Fio.  8. 


under  the  latter  condition  upon  7-inch  girder  rail,  Pennsyl- 
vania Steel  Company's  Section  No.  238,  with  an  eight-bolt, 
26-inch  fish  plate,  using  Ajax  bond,  as  per  sketch,  Fig.  8. 
Herewith  is  schedule  of  tests  : 


Amperes. 

Volts. 

Ohms. 

20 

•0004 

•00002 

30 

■0006 

•00002 

40 

•0008 

•00002 

50 

•0010 

•00002 

60 

•0012 

•00002 

70 

'0014 

•00002 

80 

•0016 

•00002 

90 

"00 1 S 

•00002 

4IO 
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The  above  tests  were  made  with  the  Weston  milli  volt- 
meter connected  upon  24-inch  centers. 

The  remarkably  good  results  obtainable  from  the  use  of 
the  large,  broad  area  of  contacts  in  the  sheet  copper  bond 
employed  around  the  cast  weld  joint  emphasized  the  cor- 
rectness of  the  use  of  the  sheet  copper  contacts  for  bond- 
ing purposes  under  fish  plates,  when  such  construction  was 
used. 

Various  bonds  were  made  up  to  suit  the  requirements 
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Fig.  10. 

of  different  rail  sections,  fish  plates  and  drillings.  Herewith 
are  dimensional  sketches  of  several  sizes : 

Ajax  bond  for  7-inch  girder  rail,  Cambria  Iron  Company's 
section  No.  824,  under  26-inch-long  fish  plates,  staggered 
bolts.  Fig-,  p. 

Ajax  bond  for  7-inch  girder  rail,  Pennsylvania  Steel 
Company's  section  No.  238,  under  26-inch  fish  plate,  six 
bolts.  Fig.  10. 
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Ajax  bond  for  9-inch,  girder  rail,  Pennsylvania  Steel 
Company's  section  No.  200,  under  32-inch  fish  plates,  twelve 
bolts,  Fig.  II  ;  also  Figs.  lib,  iic,  iid. 

The  Ajax  bonds,  as  illustrated  above,  consist  of  a  piece 
of  copper  pressed  against  the  abutting  rail  ends  through 
the  medium  of  cupped  ^-inch  set  screws  bearing  against  a 
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Fig.   I i</— Special  form  illustrating  Ajax  Bond. 

thick  superimposed  piece  of  steel  to  divide  and  distribute 
the  pressure. 

The  rail  is  ground  off,  exposing  a  clean  metallic  surface, 
and  then  treated  with  any  practicable  mercuric  compound 
to  amalgamate  the  rail  to  prevent  oxidation. 

Repeated  tests  were  made  upon  the  above  sizes,  and  the 
average  of  the  results  is  shown  in  the  large  schedule  of 
tests. 
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The  conclusion  to  be  drawn  therefrom  is  quite  interest- 
ing. It  shows  that  the  ohmic  resistance  is  quite  compar- 
able with   the  resistance  of  the   rail   section  itself,  and,  if 
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double  bonding  be  employed,  the  resistance  can  be  made 
less  than  rail  resistance  with  far  more  certainty  of  result 
than  that  obtainable  from  any  of  the  types  of  bonds  ex- 
panded in  the  holes  in  foot  or  web  of  rail. 
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The  features  in  the  bond  are  such  that  the}''  commend 
themselves  at  once,  owing  to  ample  and  liberal  contacts, 
adjustable  means  for  renewing  contact,  the  knife  blade 
switch  type  construction  and  the  absolute  freedom  from 
the  inevitable  loss  or  breakage,  with  consequent  "  scrap- 
ing "  of  bonds,  so  frequent  in  all  the  other  types  employed. 

The  writer  has  found  that  the  total  cost  from  placing 
the  sheet  copper  bonds  has  always  been  less  than  placing 
the  other  makes. 

The  large  rail  manufacturers  have  always  finished  the 
fish  plates  properly  drilled  and  tapped  ready  for  placing 
the  bonds. 


Fig.  12. 


Fig.  13. 


Herewith  is  a  schedule  of  tests  made  upon  different 
bonds,  and  in  each  instance  is  the  average  of  large  num- 
bers of  tests : 

Figs.  iS,  i8b,  i8c,  i8d,  iSe  illustrate  the  most  recent  form 
of  Edison-Brown  bond  located  under  fish  plate,  but  depend- 
ing upon  the  Edison-Brown  alloys  for  contact. 

CONCLUSIONS. 

id)  The  cast  weld  joint  alone  has  a  resistance  30  per 
cent,  greater  than  the  solid  rail  section. 
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(d)  The  use  of  sheet  copper,  as  furnished  by  the  Ajax 
Company,  makes  the  combined  resistance  20  per  cent,  less 
than  the  solid  rail  section. 

(c)  Where  the  cast  weld  joint  is  not  employed  and  the 
usual  fish-plate  form  of  construction  adopted,  the  flat  sheet 
surface  contact  form  of  bond,  known  as  the  "Ajax,"  makes 


Fig 


the  most  efficient  type  of  bond,  both  electrically  and  me- 
chanically, making  resistance  only  slightly  more  than  the 
rail  section  against  the  other  types  of  bonds,  as  shown  on 
table  of  tests,  whose  resistance  runs  from  three  to  four  times 
more. 

General. — The  trend  of  practice  has  been  during  the  last 
year  or  two  to  use  a  form  of  bond  to  be  placed  under  the 
fish  plate,  instead  of  around  the  outside  of  the  fish  plate. 
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In  the  types  which  have  heads  riveted  or  expanded  into  the 
rail  the  leads  are  made  flexible  to  provide  for  rail  movement, 
caused  by  expansion  and  contraction  and  vertical  movement 
of  rail  following  the  passage  of  cars  over  joints. 

Herewith  are  shown  cuts  illustrating  some  of  the  types 
most  frequently  used,  Figs,  ij,  14,  75  and  16. 

As  mentioned  above,  tests  have  demonstrated  that  the 
bonds  making  superficial  contact  with  the  web  of  the  rail 
instead  of  contacting  with  the  side  of  a  hole  through  the 
web  are  the  most  efficient  and  economical  desisrn. 


Fig.   17 — The  Conant  rail-joint  testing  instrument. 

There  is  a  battle  royal  raging  between  the  exponents  of 
the  hole  type  as  to  what  constitutes  the  best  method  of  pre- 
paring the  hole  and  placing  the  bond. 

One  concern  punches  out  the  hole  with  a  hydraulic  press 
and  places  the  bond  head  in  the  rough  irregular  hole  and 
expands  the  bond  head  by  similar  means  in  the  hole,  whilst 
an  engineer  in  New  York  goes  so  far  as  to  drill  the  hole, 
then  ream,  followed  by  pressing  hardened  steel  balls, 
through  a  hole  in  bond  in  order  to  provide  an  accurate  fit. 


Fig.  iS. 


Fig.  iSb. 


Fig.  iSc. 


o 


M: 
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Testing. — As  to  testing  rail  bonds,  practical  tests  after 
rails  and  bonds  are  placed  are  exceedingly  difficult  and 
unsatisfactory,  owing  to  various  factors  which,  interfere  in 
obtaining  uniform  readings.  Our  experience  has  been  to 
test  the  bond  carefully  under  laboratory  conditions  and  then 
watch  the  bond  while  in  practical  use  over  a  long  period  of 
time  as  to  mechanical  or  physical  changes. 

Herewith  is  shown  a  cut  of  a  device,  Fig.  //,  advertised  as 
being  a  practicable,  testing  device,  probably  within  ordin- 
ary requirements  will  give  a  means  of  roughly  determining 
the  relative  relation  of  resistance  of  bond  to  that  of  rail  in 
terms  of  length  of  rail.  The  principle  is  that  of  comparing 
by  the  "null"  method  of  measurement,  using  a  telephone 
to  determine  the  resistance  of  the  joint  to  such  a  length  of 
rail  that  the  rail  resistance  will  balance  the  bond  resistance. 

NUMBER    OF   BONDS   TO    BE   PLACED. 

The  question  has  often  been  discussed  as  to  what  extent 
bonds  should  be  placed.  Some  contend  to  place  bonds  so  the 
conductivity  of  the  joint  will  be  equal  to  the  rail  section. 
Others  contend  that  the  conductivity  be  made  equal  to  the 
feeder  system.  Others  again  contend  that  the  bonding  be 
^one  to  provide  for  the  flow  of  current  through  joint,  the 
joint  is  calculated  to  carry  under  normal  conditions,  basing 
the  carrying  capacity  of  copper  as  i,ooo  amperes  per  square 
inch  of  cross-section,  and  loo  amperes  per  square  inch  of 
contact. 

The  writer  believes  the  latter  method  the  best  under 
ordinary  conditions,  as  the  first  method,  while-  theoretically 
thejbest,  still  is  almost  impossible  to  pursue  in  all  cases 
for  various  reasons,  such  as  the  cost,  mechanical  difficulties, 
etc.  Where  cast  weld  joints  were  employed  the  writer, 
however,  was  successful  in  making  the  resistance  of  the 
joint  actually  20  per  cent,  less  than  the  resistance  of  a  cor- 
responding rail  length. 

CARRYING    CAPACITY   OF    RAILS. 

The  cross-section  of  standard  girder  rails  is  closely 
approximate,  the  same  number  of  square  inches  as  the  rail 
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is  high ;    for  instance,  a  7-inch  girder  has  a  cross-section 
of  7  square  inches,  a  9-inch  girder,  9  square  inches. 

As  the  conductivity  of  copper  is  to  iron  in  the  ratio  of 
approximate  7  to  i,  it  follows  that  a  7-inch  girder  rail  has 
the  conductivity  of  i  square  inch  of  copper,  while  a  9- 
inch  girder  has  the  conductivity  of  if  square  inches  of 
copper,  and  the  two  rails  of  such  a  track  would  have  a  con- 
ductivity of  2\  square  inches  of  copper.  One  can  readily 
see  to  attempt  to  bond  to  the  carrying  capacity  of  the  rail 
would  be  an  exceedingly  expensive  undertaking.  Of  course 
it  may  be  necessary  upon  the  trackage  approaching  the 
power  station. 


Read  at  the  stated  meeting  held  November  28,  iSgg,  and  discussed  at  the  stated 
meeting  held  February  2j,  igoo. 

INCANDESCENT  LAMPS. 


By  Francis  \V.  W11.1.COX. 


[  Concluded  from  page  jdg. ) 


CANDLE-POWER    PERFORMANCE. 

Tests  of  this  character  have  frequently  been  made,  but 
not  always  with  a  regard  to  the  necessities  of  the  case. 
Curves  of  candle-power  have  often  been  published  without 
any  statement  of  the  efficiency  at  which  the  lamps  were 
started. 

This  is  of  the  first  importance — to  have  the  efficiency 
definitely  known  and  accurately  determined  to  within  j^  of 
a  watt.  It  is  not  generally  appreciated  how  important  this 
is.  A  difference  of  jL  of  a  watt  per  candle  is  sufficient  to 
make  a  difference  of  100  hours  of  life  performance.  There- 
fore in  testing  it  is  a  prime  requisite  to  have  lamps  under 
test  start  at  an  exact  equality  in  average  efficiency.  If  the 
lamps  pass  the  initial  test  as  to  close  rating,  then  the  num- 
ber to  be  set  up  for  life  test  can  be  selected  so  as  to  average 
the  desired  efficiency.  For  example,  in  the  case  of  lamps 
on  diagram,  Fig.  2,  we  would  select  for  test  those  along 
the    3"i-watt   line.      The   economy   chosen    as   a    basis   for 
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test  is  generally  the  highest  possible,  as  this  shortens  the 
period  of  test.  For  this  reason  3-1  watts  per  candle  is  pref- 
erable, as  test  need  not  be  continued  longer  than  400  hours, 
while  with  3-5-watt  lamps  the  period  would  be  over  600 
hours,  and  with  4-watt  over  1,200  hours. 

Not  only  must  economy  be  exact,  but  the  candle-power 
and  voltage  must  be  similar.     It  will  not  do  to  compare  50- 
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Fig.  6. — Candle-power   performance  diagram,    showing  poor   results  given 
by  ten  i6-candle-power  loo-volt  lamps — 3j4-watt  lamps. 

volt  lamps  of  one  make  with  loo-volt  of  another,  or  10  can- 
dle-power with  16  candle-power. 

The  number  of  lamps  to  be  tested  should  preferably  be 
twenty-five  or  more  of  each  make,  and  never  less  than  ten. 
Any  less  number  is  not  sufficient  to  give  a  safe  average. 
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The  voltag-e  during  test  should  always  be  kept  normal 
and  constant.  An  average  increase  of  but  i  volt  in  pres- 
sure during  test  will  decrease  the  result  10  per  cent.,  and  a 
volt  decrease  in  pressure  will  increase  results  in  same  ratio. 

The  candle-power  readings  may  be  continued  indefinitely, 
but   the    practical  method  is  to  continue  results   to  some 
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Fig.  7. — Candle-power  performauce  of  ten  lamps,  16  caudle-power  112-volt 
3>^-watt  lamps,  showing  lack  of  uniformity  in  performance. 

agreed  limit  of  comparison.  The  limit  most  generally 
taken  is  80  per  cent,  of  the  initial  candle-power,  which 
would  be,  for  the  16  candle-power  lamp,  the  i2-8  candle- 
power  line. 
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Here  are  several  sets  of  candle-power  tests'-  plotted  on 
diagrams  in  the  usual  manner,  with  the  ordinates  repre- 
senting candle-power  and  the  abscissae  hours  of  burning. 
An  examination  of  these  will  show  us  some  features  of 
interest. 

Diagram,  Fig.  6,  shows  the  miserable  results  some  makes 


17 

1  / 

/ 

\ 

l( 

10 

2( 

10 

800 

Ai 

500 

Kf^ 

m 

\ 

44  oj 

IF 

•9 

r 

^ 

"^x^ 

n 

u « 

J  r 

lO. 

|_C^/^ 

/ 

^ 

^ 

rof 

/ 

\ 

4^. 

^ 

^ 

\^5 

^ 

\ 

\b 

1 

^ 

*^ 

\ 

r  ■* 

^ 

^ 

^ 

— w 

\ 

M 

^ 

^\ 

1 

^^ 

h^ 

\ 

\A. 

\ 

^ 

Vn 

N 

rx 

\ 

N 

^ 

\^ 

\ 

^ 

^ 

\ 

1 

\ 

^ 

^^ 

\ 

\ 

1  o 

\^ 

^ 

A^ 

\ . 

J3 

\ 

\ 

% 

^ 

\i 

V 

\ 

\ 

Fig.  S. — Candle-power  performance  of  ten  i6  candle-power  ii2-volt  3'i-watt 
lamps,  showing  uniform  and  good  results  of  well-made  lamps. 

of  lamps  will  give.  Here  are  ten  lamps  set  up  at  an  average 
economy  of  3'5  watts  per  candle,  and  six  of  them  lost  over 
20  per  cent,  in  candle-power  inside  of  ten  hours,  only  three 
lamps  giving  any  life  at  all.     Such  a  lamp  no  station  could 

*  The  writer  wishes  to  acknowledge  indebtedness  to  the  Association  of 
Edison  Illuminating  Companies  for  many  of  the  diagrams  used  herein. 
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afford  to  use  even  if  a  bonus  were  paid  on  each  lamp.  Yet 
the  manufacturer  of  this  lamp  glibly  made  a  contract  with 
the  United  States  Government  to  furnish  lamps  under  speci- 
fications that  not  more  than  three  manufacturers  in  the 
world  could  regularly  fulfil. 

Diagram,  Fig.  7,  exhibits  an  interesting  set  of  curves 
of  ten  lamps  started  off  at  3"  12  vv^atts  per  candle.  This 
illustrates  the  bad  effects  of  a  rise  in  candle-power  at 
starting.  Owing  to  this  rise  in  candle-power,  readings 
should  be  taken  every  25  hours  for  first  100  hours. 
All  lamps  rise  some  at  the  start,  but  this  rise  should 
be  limited,  as,  in  excess,  it  strains  the  filament  and  causes 
early  breakage,  as  is  here  well  exemplified.  Two  of  the 
lamps  slumped  badly,  and  one  of  the  curves  shows  a  curi- 
ous recovery  feature,  regaining  three  candles  to  13  candle- 
power,  after  having  dropped  to  10  candle-power.  This  is  a 
freak  of  performance  that  has  been  considered  impossible, 
but  it  is  quite  often  met  with  in  lamp  testing.  The  explana- 
tion of  this  is  that  the  filament  of  the  lamp  had  a  discolored 
or  blackened  surface  (through  bad  vacuum),  and,  as  such  a 
surface  is  a  poor  radiator  of  light,  the  candle-power  declined 
very  rapidly  for  the  first  twenty  hours,  as  shown.  The 
vacuum  improving  as  the  lamp  continued  to  burn,  the 
sooty,  discolored  coating  on  the  filament  was  burned  off. 
This  made  the  filament  a  better  radiator  of  light,  and  so 
caused  the  subsequent  rise  in  candle-power  shown. 

It  will  be  noted  that  in  all  these  diagrams  the  individual 
curve  of  each  lamp  is  plotted.  This  serves  to  illustrate  the 
degree  of  uniformity  of  performance,  and  is  a  great  im- 
provement upon  the  old  methods  of  averaging  results  and 
plotting  only  one  curve. 

In  diagram,  Fig.  8,  we  have  a  set  of  curves  showing  how 
well-made  lamps  should  perform — illustrating  good  results 
and  great  uniformity. 

Compare  this  with  Fig.  p,  showing  results  on  ten 
lamps  taken  at  random  from  a  barrel  sold  for  16  candle- 
power  3" I  watts  per  candle,  an  excellent  example  of  poor 
results. 

A  proper  measure  for  lamp  value   should    include  both 


Fig.  9. — Candle-power  performance  of  ten  16  candle-power  115-volt  3"i-watt 
lamps,  showing  rapid  decline  of  candle-power. 


Fig.  io.— The  candle  hour  area.     The  measure  of  lamp  value. 
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life  and  candle-power  results.  Such  a  measure  is  the  candle 
hours  of  life  given  by  a  lamp  to  an  agreed  limit  of  candle- 
power.  The  limit  agreed  upon  is  80  per  cent,  of  initial 
candle-power.  The  graphic  expression  of  this  measure  is 
the  area  bounded  by  the  average  candle-power  curve  and 
a  vertical  line  drawn  from  intersection  of  curve  and  80  per 
cent,  limiting  line.  This  area  is  shown  on  diagram,  Fig. 
JO,  and  is  called  the  candle  hour  area. 

The  part  of  this  area  below  the  80  per  cent,  line  forms  a 
constant  quantity,  and  it  would  be  better  were  this  omitted 
and  only  the  area  above  the  80  per  cent,  line,  or  "  top  area  " 
as  it  is  called,  taken.  It  is  this  "  top  area  "  which  measures 
the  useful  results,  and  much  more  determinate  comparisons 
can  be  made  on  it  as  a  basis  of  value  than  on  the  full  area. 

It  is  pertinent  to  also  note  that  with  normal  lamps  the 
candle  hour  area  is  directly  proportional  to  the  useful  life, 
so  that  the  useful  life  can  be  used  as  a  definite  basis  for 
specifications  and  guarantees. 

As  regards  candle-power  performance,  customers  should 
purchase  their  lamps  under  specifications  requiring  a  mini- 
mum number  of  candle  hours  or  a  minimum  useful  life  as 
the  average  results  for  the  principal  types  of  lamps  used  and 
exacting  a  penalty  of  a  sufficient  number  of  lamps  or  the 
money  value  thereof  to  make  up  any  deficiency  between 
guarantees  and  actual  performance,  as  determined  by  tests 
of  samples  taken  from  each  lot  of  lamps. 

Regarding  specifications  in  general  there  is  much  that  is 
objectionable  in  their  practical  application  to  lamp  purchase 
and  supply.  The  incompetent  manufacturer  will  quite 
glibly  bid  under  any  set  of  specifications  either  through 
ignorance  of  what  he  can  do  or  trusting  to  luck  to  get 
around  the  requirements.  He  can  hardly  be  blamed  for 
running  the  chances,  considering  how  seldom  complete 
checking  tests  are  made  of  lamps  purchased.  Let  a  con- 
sistent invariable  course  be  followed  of  testing  lamps  before 
they  are  accepted  for  use  and  of  rejecting  every  lot  that 
falls  below  requirements,  and  the  incompetent  manufac- 
turer will  soon  be  brought  to  table.  This  has  been  the 
policy  of  the  U.  S.  Navy,  and  it  is  a  well-known  fact  that 
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numbers  of  manufacturers  have  learned  to  their  cost  that 
they  dare  not  bid  to  supply  lamps  to  the  navy. 

The  navy  keeps  a  sufficient  stock  on  hand  to  supply 
running  needs  and  tide  them  over  the  delay  due  to  the 
rejection  of  any  lot  purchased. 

These  conditions  are,  however,  not  to  be  found  in  the 
•case  of  the  average  purchaser,  and  other  methods  are  neces- 
sary. The  best  and  most  practical  method,  it  seems  to  me, 
was  the  one  adopted  by  the  Standard  Oil  Company,  of  New 
York.  This  company  last  winter  purchased  in  the  open 
market  some  fifty  lamps  each  of  a  dozen  of  the  leading 
makes  and  carried  out  a  complete  test  thereon.  This  gave 
them  positive  data  as  to  what  lamp  gave  best  results,  and 
the  difference  in  value  between  it  and  the  next  best.  With 
this  information  in  hand  the  selection  of  the  lamp  to  be 
purchased  was  readily  and  intelligently  made. 

This  suggests  the  best  plan  for  the  general  purchaser. 
Let  him  determine,  by  test  of  the  average  product  of  dif- 
ferent makers,  the  best  make  and  type  of  lamp  suitable  for 
his  service.  Then  let  him  buy  the  lamp  thus  selected, 
under  specifications  and  guarantees,  testing  samples  from 
each  lot  of  lamps  received,  and  holding  the  manufacturer 
closely  to  his  guarantees. 

DISCUSSION. 

Prof.  Arthur  J.  Rowland: — In  most  papers  on  incan- 
descent lamps  we  find  them  treated  from  the  standpoint  of 
their  candle-power,  some  peculiar  or  abnormal  effects  in 
them,  their  advantage  as  compared  with  other  sorts  of 
illuminants.  Or,  we  listen  to  descriptions  of  special  sys- 
tems of  lighting,  or  to  accounts  of  instruments  and  appa- 
ratus made  to  test  incandescent  lamps.  Here,  in  Mr.  Will- 
cox's  paper,  we  have  one  giving  a  view  of  another  side  of 
the  subject,  the  one  on  which  we  electrical  people  know  too 
little.  We  do,  indeed,  know  that  some  lamps  prove  unsat- 
isfactory in  this  or  that  way,  without  being  able  to  see  or 
tell  why  they  are  so  ;  that  others  are  eminently  satisfac- 
tory, but  have  no  direct  means  of  knowing  whether  this 
lot  of  lamps  is  good  because  they  happened  so,  or  whether 
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they  represent  a  really  steady  process  of  manufacture.  We 
know  how,  or  think  we  know  how,  to  test  incandescent 
lamps  ;  but  need  and  welcome  all  the  suggestions  we  can 
get  from  the  people  who  make  the  lamps  and  who  there- 
fore know  better  than  any  one  else  what  they  can  or  cannot 
be  expected  to  do. 

To  me  the  flashing  of  modern  incandescent  lamps  has. 
always  been  a  most  interesting  process,  both  as  to  details 
of  method  and  as  regards  the  results  procured.  Here  are 
the  carbonized  cellulose  filaments,  sooty  in  surface  and 
sometimes  of  irregular  resistance  and  spotty  when  cur- 
rent passes  through  them.  They  are  put  into  gasoline  vapor, 
a  current  turned  on  and  the  resistance  drops  as  a  tube  of 
graphitic  carbon  deposits  around  each  carbon  filament 
until,  the  desired  resistance  having  been  reached,  the  cir- 
cuit is  automatically  opened. 

If  the  sooty  surface  filament  had  been  put  into  a  bulb 
and  the  combination  made  into  an  incandescent  lamp,  the 
life  of  the  lamp  would  be  short,  the  candle-power  would 
rapidly  drop,  the  efficiency  be  low  (for  the  sooty  surface  is 
a  good  heat  radiator)  and  the  bulb  be  very  hot.  With  the 
filament  flashed,  the  candle-power  and  efficiency  are  well 
maintained  through  life,  a  high  efficiency  becomes  possible, 
and  the  only  disadvantages  are  the  initial  rise  in  candle- 
power  and  the  readiness  with  which  the  filaments  are 
strained  by  excessive  voltage. 

Every  one  should  know  that  not  only  can  one  tell  a 
graphite-covered  filament  by  looking  at  it,  as  Mr.  Willcox 
has  explained,  for  its  bright  steely  surface  is  very  easily 
recognized,  but  one  can  tell'whether  there  is  much  graphite 
on  the  filament  or  not  by  noting  whether  the  filament  is 
long  for  the  voltage,  candle-power  and  efficiency  marked. 
The  graphite  deposit  has  a  considerably  lower  specific 
resistance  than  that  of  the  core  (^  to  \  as  much),  and,  if 
much  of  it  has  been  deposited,  the  .filament  must  be  long 
to  get  the  required  resistance.-  If  there  is  plenty  of  graph, 
ite,  we  expect  long  life  and  maintained  candle-power. 

It  has  come  to  be  the  practice  of  lamp  manufacturers  to 
make  tests  of  lamps  to  prove  that  they  have  the  requisite 
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vacuum  by  connecting  with  a  suitable  induction  coil  and 
observing  the  absence  of  a  glow  in  the  lamps  when  they 
are  being  tested,  and  Mr.  Willcox  recommends  the  same  test 
.  to  users  of  lamps,  to  measure  (in  one  respect)  the  value  of 
lamps  purchased.  I  suppose  the  manufacturers  know  how 
important  the  high  vacuum  is,  but  it  is  difficult  for  some 
of  us  to  forget  how  some  of  the  best  lamps  on  the  market 
a  few  years  back  (infringing  lamps  though  they  proved  to 
be)  were  lamps  in  which  the  vacuum  was  low,  an  inert  gas 
having  been  introduced  at  the  last  part  of  the  exhausting 
process.  I  have  some  doubts,  then,  whether  the  spark-coil 
test  may  not  work  hardship  on  some  real  good  lamps  if  the 
fact  that  they  show  a  glow  under  the  induction-coil  test  is 
to  be  taken  as  evidence  that  they  are  to  be  rejected.  For 
high  voltage  lamps  in  which  the  Edison  effect  is  liable  to 
be  great,  and  so  produce  trouble  at  the  leading-in  wires 
doubtless  a  high  vacuum  is  essential,  as  distinguished  by 
an  absence  of  blue  glow  in  the  bulb  when  first  burning  or 
the  absence  of  any  glow  under  the  induction-coil  test. 

Mr.  Willcox  tells  us  that  the  limits  allowed  for  good  16- 
candle-power  lamps  in  a  specification  for  lamps  need  only 
be  \  candle-power  each  side  of  that  and  i^  watts  each  side 
of  the  rated  watts  of  the  lamp.  I  have  tried  a  good  many 
lamps,  and  may,  at  least,  express  the  opinion  that  limits  as 
I  have  assigned  them  below  are  entirely  satisfactory,  and 
there  are  few  lots  of  lamps  taken  from  stock  on  the  open 
market,  of  even  the  best  makes,  that  will  satisfactorily  stand 
a  closer  test.     These  requirements  are  : 

A  i6-candle-power  lamp  is  understood  to  be  one  which,, 
when  rotating  on  a  vertical  axis  at  180  revolutions  per 
minute,  measures  not  less  than  14*5  candle-power  and  not 
more  than  17*5  candle-power  as  its  mean  horizontal  candle- 
power. 

A  lamp  is  of  satisfactory  efficiency  if  it  does  not  differ 
from  its  rating  more  than  j-^j  watt  per  candle-power. 

I  agree  thoroughly  with  Mr.  Willcox's  statement  that 
lamp  tests  are  of  small  account  unless  a  reasonably  large 
number  of  lamps  be  put  on  test.  It  has  been  such  common 
practice  to  put  three  lamps  on  a  life  test  and  draw  con- 
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elusions  from  the  performance  of  these  that  a  test  in  which 
ten  or  more  are  taken  looks  very  formidable.  Certainly- 
such  a  test  is  too  much  of  an  undertaking  and  too  much 
expense  is  involved,  too,  to  make  it  one  which  is  likely  to 
be  made  by  the  user  of  lamps  in  an  ordinary  isolated  light- 
ing plant.  General  tests,  however,  are  not  of  much  value 
to  separate  plants.  The  results  of  a  test  made  on  lamps  on 
the  circuits  of  one  station  will  scarcely  correspond  with 
those  made  on  another.  The  differences  in  regulation,  the 
differences  in  actual  average  E.M.F.  on  the  lamps  will  make 
quite  a  little  difference  in  the  results  procured.  I  have 
examined  into  this  by  trial  to  some  extent,  and  hope  to 
find  out  more  about  it  in  the  future.  Results  of  general 
tests,  then,  show  simply  that  certain  lamps  are  good  and 
certain  ones  are  bad — scarcely  that  one  make  of  lamps  is 
lo  per  cent,  better  than  another  because  lo  per  cent,  more 
candle  hours  were  had  from  it  than  from  another, 

A  word  regarding  the  fluctuations  in  candle-power  values 
along  candle-power  curves.  Not  many  months  ago  I  would 
have  attempted  to  prove  in  argument  that  after  the  initial 
rise,  when  the  candle-power  had  really  begun  to  drop,  it 
would  continue  to  do  so,  and  any  rise  in  candle-power 
observed  was  a  sure  indication  of  a  false  photometer  read- 
ing. Now,  I  must  acknowledge  that  there  are  sometimes 
curious  "lumps"  in  the  candle-power  curve  which  must  be 
due  to  real  changes  in  the  candle-power  of  lamps.  But  the 
man  who  is  measuring  candle-power  had  better  beware  of 
these  as  suspicious,  especially  if  he  has  no  rotating  socket 
to  use  in  making  his  tests.  For  that  matter,  a  determina- 
tion without  a  rotating  socket  cannot  amount  to  much  any- 
how, and  photometers  in  which  they  are  absent  are  of  little 
account.  I  have  so  often  seen  irregularities  in  candle-power 
curves  really  due  to  matters  of  small  account  seemingly, 
which  were  overlooked  in  making  measurements  on  account 
of  the  inexperience  of  the  observer,  that  I  feel  very  confi- 
dent in  what  I  say.  I  very  much  question  the  advisability, 
too,  of  placing  any  confidence  on  results  in  candle-power 
measurements  made  by  any  person  who  has  not  devoted  a 
great  deal  of  time  and  attention  to  this  sort  of  testing.     No 
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test  work  of  which  I  know  is  so  liable  to  involve  an  uncon- 
scious personal  error  of  large  magnitude. 

I  wish  Mr.  Willcox  had  told  us  more  of  why  the  80  per 
cent,  limit  is  taken  so  commonly  for  the  age  limits  of  lamps 
and  who  proposed  it.  It  seems  as  though  it  was  a  sugges- 
tion of  a  couple  of  years  since,  adopted  at  once  by  every  one 
without  question  as  to  its  being  the  proper  limit.  Of  course, 
we  know  that  the  useful  life  of  a  lamp  is  controlled  and  so 
determined  by  its  cost,  the  cost  of  the  power  it  uses,  and 
the  decrease  in  candle-power  per  hour  it  burns.  But  obvi- 
ously these  are  not  fixed  quantities,  and  it  does  not,  therefore, 
appear  why,  when  a  16  candle-power  lamp  gives  only  I2"8 
candle-power,  it  is  to  be  thrown  away.  I  do  not  believe  it  is 
right  to  do  so  on  the  circuits  of  an  isolated  plant,  however 
good  practice  it  may  be  in  central  station  work.  As  the 
candle-power  drops,  the  total  watts  drop  too,  and  although 
not  in  the  same  proportion,  still  it  is  cheaper  to  use  these 
old  lamps  in  corridors,  in  closets,  in  cellars,  etc.,  than  to 
throw  them  away. 

I  wish  I  could  ask  I^Ir.  Willcox,  too,  whether  he  knows 
who  originated  the  target  diagram  as  a  means  of  showing 
what  lamps  are  and  how  a  lot  of  lamps  compare.  I  think 
the  name  is  particularly  happy,  and  the  diagram  (simple  as 
it  is)  wonderfully  expressive.  I  am  very  glad  that  the  man 
who  thought  of  it  did  not  patent  the  idea ;  he  was  a  public 
benefactor.  Ever  since  I  came  upon  it  a  year  or  so  ago  I 
have  used  it  with  a  great  deal  of  satisfaction. 

One  thing  more.  There  has  been  a  notable  change  in  a 
few  years  past  in  the  size  of  the  bulbs  used  with  lamps  of  a 
given  candle-power.  A  few  years  back,  for  example,  the  32 
candle-power  bulbs  were  about  3^  inches  in  diameter  and  6 
inches  long.  Xow  we  get  them  no  larger  than  the  bulbs  of 
the  16  candle-power  lamps  used  to  be.  Mr.  Willcox  tells  us 
that  European  lamps  are  made  still  smaller  than  American. 
I  wonder  what  influence  the  size  of  the  bulb  has  on  the  life 
and  maintained  candle-power  of  an  incandescent  lamp. 
Certainly  the  small  bulbs  give  to  the  lamps  an  added  artistic 
merit,  but  one  would  like  to  know  he  is  not  paying  too  high 
a  price  for  this.  I  am  inclined  to  believe  that  small  bulbs 
go  with  short  life  and  rapid  decline  in  candle-power. 
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Prof.  W.  M.  Stine  : — One  of  the  most  sig-nificant  state- 
ments in  Lieutenant  Willcox's  paper  is  the  following:  "  It 
has  taken  years  to  bring  home  the  real  considerations  (of 
the  incandescent  lamp)  to  electric  lighting  companies. 
These  considerations  are  that  a  lamp  is  primarily  designed 
and  used  to  give  light — that  lighting  companies  are  in  the 
business  of  making  and  selling  light,  not  power — and  that 
the  lamp  is  the  chief  essential  of  the  lighting  system." 

It  may  be  taken  as  a  general  law  in  the  development  of 
engineering  practice  in  all  lines  that,  at  first,  attention  is 
mainly  centered  on  mere  accomplishment;  and  then,  as  the 
principles  involved  come  to  be  better  understood,  they  are 
examined  in  detail  for  efficiency  of  operation.  However, 
in  the  case  of  the  incandescent  lamp  it  seems  singular  that 
such  a  statement  as  the  author  makes  here  should  obtain  ; 
yet  those  who  have  had  to  do  with  the  subject  of  incandes- 
cent lighting  have  repeatedly  experienced  its  truth.  In 
this  line  of  operation  the  same  remarks  apply  with  equal 
force  to  switchboard  and  metering  apparatus.  It  has  re- 
quired years  of  vigorous  education  of  those  operating  and 
installing  plants  to  recognize  that  a  finely  finished  case  may 
cover  an  exceedingly  crude  and  ill-made  instrument,  and 
that  the  readings  of  instruments  are  valueless  when  the 
calibration  of  the  scale  is  not  known.  Again,  the  same 
thing  has  occurred  in  the  matter  of  suitable  transformers, 
of  the  proper  quality  of  carbons  for  arc  lighting,  and  in 
varying  degrees  to  almost  every  detail  of  installation  for 
lighting  and  power. 

The  present  paper  is  essentially  educational  in  tone  and 
argues  that  the  leading  manufacturers  of  lamps  yet  find 
that  the  most  essential  thing  in  alighting  installation — the 
final  translating  device — is  so  greatly  overlooked.  It  is  in 
this  spirit,  then,  that  the  present  discussion  of  the  paper  is 
presented. 

The  processes  of  manufacture  have  been  reduced  to  such 
accuracy  of  details  and  to  standard  conditions,  and  cellulose 
filaments  are  made  with  sufficient  uniformity  in  resistance 
and  size,  that  further  treatment  on  such  account  is  unneces- 
sary, in  so  far  as  treatment  is  needed  for  correction  of  imper- 
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fections  in  density,  cross-section  and  length.  It  is  important 
to  note  that  flashing  is  no  longer  required  for  mechanical 
corrections.  This  clears  the  way,  then,  for  understanding 
the  necessity  for  plating  all  filaments  with  a  layer  of  carbon 
deposited  from  a  hydrocarbon  vapor ;  the  plating  being 
needed  for  imparting  certain  necessary  properties  to  the 
filament  to  insure  proper  economy  in  operation  and  length 
of  life. 

The  surface  of  the  cellulose  filament,  after  carbonization, 
is  somewhat  rough  and  has  a  dull  black  appearance  and  its 
carbon  is  in  an  amorphous  condition,  and  its  properties  in 
this  state  which  affect  the  translation  of  electrical  energy 
into  heat  and  light  energy  must  be  examined. 

The  property  by  means  of  which  heated  carbon  radiates 
its  heat  and  light  is  termed  emissivity,  and  for  conciseness 
we  may  think  of  the  emissivity  being  defined  by  the  quan- 
tity of  light  and  heat  given  off  from  the  square  millimeter 
of  surface  in  the  unit  of  time.  The  emissivity  of  a  carbon 
filament  is  largely  determined  by  the  nature  of  the  superfi- 
cial layer,  the  interior  of  the  filament  having  little  influence 
on  the  emissivity.  In  general,  filaments  with  a  dull  black 
surface  show  high  emissivity  for  both  light  and  heat. 

Flashing  consists  in  heating  the  filament  electrically  in 
an  atmosphere  of  gasoline  vapor ;  the  heating  of  the  fila- 
ment decomposes  the  vapor  in  contact  with  its  surface,  and 
the  carbon  is  deposited  as  a  plating  on  the  filament.  The 
character  of  this  plating  is  influenced  by  the  density  of  the 
hydrocarbon  atmosphere,  and  both  the  temperature  at 
which  it  is  deposited  and  the  rate  of  deposition.  The  lower 
the  density  of  the  hydrocarbon  vapor,  the  slower  will  be 
the  rate  of  plating,  and  as  a  result  the  deposited  surface  will 
be  both  smooth  and  hard.  And  further,  at  a  high  temper- 
ature the  carbon  plating  will  become  gray  in  color  and  very 
hard — graphitic,  in  short.  The  best  conditions  for  plating 
are  thus  :  a  high  temperature  of  the  filament,  and  low  den- 
sity of  the  hydrocarbon  atmosphere  which  will  insure  that 
the  plating  shall  progress  slowly.  It  may  be  considered 
that  the  plating  under  these  conditions  consists  of  hard, 
graphitic  carbon. 
Vol.  CXLIX.    No.  894.  28 
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Weber,*  examining-  filaments  which  were  untreated,  or 
had  a  dull  black  surface,  and  comparing  them  with  treated 
ones  having  bright  gray  and  metallic-appearing  surfaces, 
found  that  the  emissivity  of  the  two  classes  averaged  the 
relation  of  lOO  to  75"5.  It  is  known  that  the  emissivity  of 
lampblack  and  graphite  stands  in  the  relation  of  lOO  to  75  ; 
and  the  confirmation  is  clear  that  the  gray  coating  of  the 
filament  is  graphitic.  The  result,  then,  of  flashing  a  fila- 
ment under  proper  conditions  is  that  its  emitting  surface 
becomes  graphitic,  which  at  a  given  temperature  causes  it 
to  give  out  less  light  and  heat ;  and  because  it  thus  loses 
less  energy  in  a  unit  of  time,  it  will  require  less  energy  to 
raise  it  to  a  given  temperature  and  maintain  it  in  that  con- 
dition. 

This  treatment,  however,  does  not  result  in  any  gain  in 
the  proportion  of  the  light  radiated  in  the  total  radiation ; 
for  both  dull  black  filaments  and  those  coated  with  graphite 
show  the  same  proportions  of  light  and  heat  radiations  for 
the  various  temperatures  at  which  the  incandescent  lamp 
is  operated ;  or,  in  other  words,  the  watts  to  the  candle- 
power  at  any  temperature  will  be  the  same  for  each  class 
of  filaments.  For  illustration,  two  filaments  may  be  con- 
sidered ;t  the  one,  A,  having  a  dull  black,  or  untreated  sur- 
face, and  the  other,  B,  a  treated,  graphitic  surface.  The 
filament  A,  before  flashing  at  a  temperature  T^,  gave  21 
candles  with  84  watts  expended  ;  and  when  flashed  and 
again  brought  to  this  temperature  T^,  it  gave  15  candles 
with  60  watts.  For  a  higher  temperature  To  the  results 
were  as  given  in  the  table  : 

Filaments, 
Black  ^1 

>  at  temperature  7] 

Gray  J 
Black  ] 

>  at  temperature  Z!, 

Gray  j 

The  failure  of  an  incandescent  lamp  to  maintain  its  can- 
dle-power, especially  marked  after  several  hours'  burning,  is 

*  Physical  Review,  1894,  page  116. 

t  "  The  Incaudesceut  Ivamp, "  G.  S.  Ram,  page  63. 
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very  largely  due  to  a  change  in  the  emissivity  of  its  surface. 
Repeated  heating  of  the  filament  may  be  considered  to 
bring  about  gradual  annealing  of  the  graphitic  layer  with  a 
tendency  toward  the  condition  of  amorphous  carbon.  This 
would  naturally  increase  the  emissivity,  a  result  which  is- 
known  to  occur.  In  one  case  Ram  found  the  emissivity  to 
have  increased  about  25  per  cent.*  The  immediate  effect 
of  increasing  the  emissivity  is  that  the  temperature  will  be 
lowered  ;  for  if  the  amount  of  heat  generated  in  the  filament, 
or  the  watts  supplied  to  it  remained  constant,  while  the  fila- 
ment cooled  more  rapidly,  the  temperature  would  fall.  At 
the  lowered  temperature  the  proportion  of  light  radiated  to 
the  total  energy  is  greatly  decreased ;  and  though  the  total 
light  and  heat  radiated  at  the  lower  temperature  would  be 
the  same  as  before,  the  proportion  of  the  light  to  the  heat 
radiated  is  so  much  lessened  that  the  lamp  drops  in  candle- 
power  and  increases  in  the  watts  expended  to  the  candle- 
power. 

The  two  great  factors  governing  the  selection  of  incan- 
descent lamps  are:  (i)  the  watts  to  the  candle,  and  (2)  the 
maintenance  of  the  initial  candle-power.  The  requirement 
to  meet  the  first  is  low  emissivity  which  will  cause  a  fila- 
ment to  be  operated  at  a  high  temperature  to  produce  the 
initial  candle-power ;  for  at  a  high  temperature  (correspond- 
ing to  bright,  white  light)  the  proportion  of  the  light  to  the 
heat  radiated  is  greatly  increased,  which  amounts  to  the 
statement  that  a  high  efficiency  is  obtained.  It  has  already 
been  seen  that  when  the  flashing  is  properly  done  the  fila- 
ment will  meet  this  requirement. 

The  failure  to  maintain  the  initial  candle-power  is  usually 
explained  by  the  evaporation  of  carbon,  which  decreases  the 
cross-section  of  the  filament  and  increases  its  resistance. 
While  this  does  occur  to  some  extent,  it  is  only  an  incon- 
siderable factor  in  the  case  of  well-made  lamps.  The  droop 
in  the  candle-power  curve  is  frequently  already  pronounced 
before  the  bulb  becomes  especially  discolored  and  the  fila- 
ment can  have  lost  much  by  evaporation.     The  main  cause 

*  Reference  cited,  page  64. 
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at  work  is  the  increase  in  the  emissivity  of  the  surface;  the 
graphitic  plating  slowly  becomes  amorphous  carbon,  the 
appearance  of  the  filament  in  the  meantime  changing  from 
a  polished  gray  surface  to  a  duller  and  rather  black  one,  all 
brought  about  by  a  species  of  annealing. 

When  purchasing  lamps,  preference  ought  to  be  given  to 
the  filaments  which  have  a  bright  gray  and  well-polished 
appearance,  for  such  filaments  will  prove  both  efficient  and 
long-lived  when  properly  operated.  The  appearance  alone 
is  not  a  sufficient  guide;  the  graphitic  layer  should  have 
been  deposited  very  slowly  in  a  hydrocarbon  atmosphere 
of  very  low  density  that  the  plating  may  have  taken  place 
at  a  reasonably  high  temperature.  If  the  plating  is  done  at 
the  proper  temperature  and  not  too  rapidly  deposited,  the 
annealing  of  the  surface  layer  will  take  place  more  gradu- 
ally, leading  to  better  maintenance  of  the  candle-power.  It 
is  generally  understood  that  a  lamp  showing  excellent  main- 
tenance of  the  candle-power  is  not  one  to  show  high  effi- 
ciency, and  that  a  lamp  of  high  initial  efficiency  will  soon 
lose  in  candle-power.  It  has  now  been  shown  that  this  is 
practically  a  question  of  the  emissivity  of  the  surface  layer. 
In  the  lamp  for  maintained  candle-power  the  flashing  must 
be  done  slowly  in  fact,  but  at  a  lower  temperature  than  is 
used  for  higher  initial  efficiency. 

The  most  radical  improvement  in  the  incandescent  lamp 
must  result  from  a  combination,  of  these  two  features  in 
one  filament,  and  doubtless  the  manufacturers  will  pres- 
ently learn  to  deposit  a  graphitic  coating  which  will  not 
readily  anneal  and  increase  in  emissivity. 

Mr.  F.  W.  Willcox  : — In  Professor  Rowland's  discus- 
sion of  my  paper  he  alludes  to  the  lamps  made  some  years  ago 
with  low  vacuum  through  insertion  of  inert  gas.  Professor 
Rowland  describes  these  lamps  as  some  of  the  best  in  the 
market.  In  this  respect  he  is  in  error,  as  these  lamps,  far 
from  being  the  best  in  the  market,  were  very  unsatisfactory, 
so  much  so  that  the  manufacturing  of  them  was  discon- 
tinued. 

In  view  of  this  fact  there  is  no  occasion  for  the  doubt  he 
expresses  as  to  the  question  whether  a  spark  coil  test  may 
not  work  a  hardship  on  real  good  lamps. 
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The  limits  referred  to  by  Professor  Rowland  as  given  by 
me  should  be  understood  as  average  limits,  and  the  limits 
mentioned  in  his  requirements  should  be  individual  limits. 

His  comments  on  different  results  obtained  from  tests 
by  various  stations  are  in  general  true.  It  must  be  observed, 
however,  that  it  is  not  necessary  that  tests  made  on  dif- 
ferent plants  should  agree.  Any  one  station  making  a  test 
on  lamps  simply  wishes  to  find  out  the  comparative  dif- 
ferences between  makes  when  tested  on  their  circuits  for 
candle-power  performance.  All  the  lamps  on  the  test  would 
be  burned  together  and  subject  to  the  same  fluctuations 
of  voltage,  and,  therefore,  the  difference  should  indicate 
the  approximate  percentage  of  superiority  and  inferiority. 
A  proper  laboratory  test  to  determine  absolute  differences 
between  lamps  should  only  be  made,  of  course,  under  abso- 
lutely perfect  regulation  of  voltage. 

The  80  per  cent,  age  limit  of  lamps  was  adopted  as  an 
agreed  limit  by  the  leading  illuminating  companies  of  the 
country. 

The  actual  economy  of  a  lamp  starting  at  3*1  watts  per 
candle  will  change  through  a  20  per  cent,  loss  of  candle- 
power  to  375  watts  per  candle,  so  it  is  evident  that  this 
limit  is  none  too  high  considering  the  ratio  of  light  given 
to  power  expended.  It  does  not  follow  that  it  is  neces- 
sarily cheaper  to  use  old  16  candle-power  lamps  in  corridors, 
cellars,  etc.,  than  to  throw  them  away,  as  the  cost  of  light 
can  be  reduced  in  many  cases  by  using  new  6  or  8  candle- 
power  lamps  in  such  locations,  consuming  less  than  one- 
half  of  the  total  wattage  taken  with  the  old  16  candle- 
power  lamps. 

There  is  and  always  has  been  too  much  of  a  tendency  to 
attempt  to  use  old  lamps.  The  incandescent  lamp  has  a 
certain  period  of  useful  service,  beyond  which  it  is  useless. 
It  is  false  economy  to  attempt  to  use  it  beyond  this  point. 
The  cost  of  current  during  the  period  of  lamp  service  is 
eight  to  ten  times  the  value  of  a  lamp,  and  the  lamp,  there- 
fore, soon  eats  up  its  own  value  in  current  a  number  of 
times. 

The  tendency  to  hold  on  to  old  lamps  and  use  them  is 
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responsible  more  than  anything  else  to  day  for  any  poor 
quality  that  may  exist  in  incandescent  lighting  service. 
Old  incandescent  lamps  should  be  considered  in  the  same 
category  as  old  tomato  cans  or  any  other  old  waste  truck  to 
be  broken  up  and  discarded,  and  not  continued  in  service 
because  they  continue  to  burn. 

Regarding  the  target  diagram,  the  idea  of  this  was  sug- 
gested by  the  writer  to  Mr.  W.  S.  Howell,  vSecretary  of  the 
Association  of  Edison  Illuminating  Companies,  and  was 
first  worked  out  and  used  by  him  in  connection  with  the 
lamp  tests  of  the  Association  of  Edison  Illuminating  Com- 
panies. 

The  influence  of  the  size  of  bulb  on  the  life  and  main- 
tained candle-power  of  incandescent  lamps  is  an  interest- 
ing topic. 

There  would  be  a  definite  difference  in  candle-power  and 
life  performance  were  the  bulbs  of  lamps  proportioned  in 
size  to  the  candle-power.  This  is  not  the  case,  however,  the 
24  candle-power  bulb  for  instance  being  the  same  size  as 
the  16  candle-power.  Better  results  in  candle-power  per- 
formance and  freedom  from  blackening  in  same  candle- 
power  lamps  are  always  possible  with  larger  bulbs.  This 
is  shown  in  European  type  of  lamp,  which  is  made  in  a 
much  smaller  bulb  than  the  American.  This  limits  the 
candle-power  performance  of  results  to  be  given  by  these 
lamps,  and  even  with  everything  else  equal  will  always 
give  inferior  results  than  the  larger  of  the  American  type 
of  lamp. 

I  am  particularly  interested  in  Professor  Stine's  com. 
ments  on  the  paper,  especially  as  he  seems  to  have  struck 
the  keynote  of  the  discussion  in  regard  to  the  use  of  lamps, 
namely,  the  difficulty  of  getting  lighting  companies  to 
appreciate  the  real  consideration  of  incandescent  lamps,  their 
light-giving  qualities.  He  correctly  analyzes  the  cause  of 
this.  It  is  surprising,  however,  how  much  ignorance  and 
indifference  still  exist  among  the  numerous  central  stations 
throughout  the  country,  and  particularly  abroad  on  the 
Continent  of  Europe,  where  the  electric  lighting  suffers 
from    the   total    disregard    of  this  feature   of  incandescent 
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lamps.  Professor  Stine  speaks  quite  positively  as  to  the 
cause  of  loss  of  candle-power  in  incandescent  lamps,  and  it 
would  be  interesting  to  know  on  what  he  bases  his  theory. 
There  are  many  rather  novel  and  surprising  things  in  this 
part  of  the  discussion  referring  to  the  treatment  of  the  fila- 
ment and  annealing  process,  and  considerable  experimental 
proof  should  be  given  before  they  could  be  accepted  as 
final. 
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RAILWAY  BEARINGS:  an  INVESTIGATION  of 
CAUSES  OF  HOT  BOXES  in  RAILWAY  SER- 
VICE, AND  METHODS  FOR  THEIR  PREVENTION.* 


By  Robert  Job, 
Chemist  to  the  Philadelphia  &  Reading  Railway  Company,  Reading,  Pa. 


I  take  pleasure  in  presenting  herewith  results  of  an  in- 
vestigation to  determine  causes  of  hot  boxes  in  railway  ser- 
vice due  to  defects  in  the  bearings  themselves,  and  meth- 
ods for  their  prevention. 

It  is  a  fact,  well  known  to  those  who  have  made  a  study 
of  bearing  metals,  that  physical  condition  and  structure 
exert  a  marked  influence  upon  the  efficiency  of  the  metal 
in  service.  Formerly  great  stress  was  laid  upon  the  general 
chemical  composition  of  the  alloy,  and  comparatively  little 
attentibn  was  paid  to  the  effects  of  the  different  conditions 
of  foundry  practice,  or  to  the  relation  between  structure 
and  efficiency.  The  natural  results  followed,  and  "  hot 
boxes  "  became  prevalent  in  railway  practice,  especially  so 
when  weights  and  speeds  became  materially  increased. 
Attention  was  thus  directed  to  the  production  of  cool- 
running  and  durable  bearings. 

As  a  result  of  carefully-conducted  service  tests,  the  old 

*A  partial  report  on  this  subject  appeared  in  the  impression  of  the 
American  Engineer  and  Railivay  Journal  for  February,  1900. 
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copper-tin  alloy  of  seven  to  one  was  found  to  be  inferior  as 
a  bearing  metal,  and  the  copper-tin-lead  composition  was 
gradually  introduced,  at  first  combined  with  phosphorus, 
and  later  with  this  element  present  in  very  small  propor- 
tions,  if  at  all,  and  then  used  only  as  a  deoxidizing  agent. 
Also,  the  efficiency  in  antifrictional  qualities  of  a  copper- 
tin-lead  composition,  other  things  being  equal,  was  shown 
by  Dr.  Dudley  to  increase  with  the  proportion  of  lead  which 
was  present,  the  amount  being  limited,  owing  to  the  neces- 
sity of  maintaining  a  strength  sufficient  to  support  the  load, 
and  also  a  fairly  high  melting  point  in  order  to  prevent 
fusion  and  running  from  the  box  if  heating  resulted.  In  the 
best  practice  not  more  than  15  per  cent,  was  present,  owing 
partly  to  the  above  reasons,  and  partly  to  the  inability  at 
that  time  to  satisfactorily  combine  a  larger  proportion. 

During  the  past  few  years  greatly  increased  attention 
has  been  paid  to  the  microscopic  study  of  the  metals,  and 
the  importance  of  this  method  of  investigation  is  becoming 
clearly  recognized  in  view  of  the  results  which  are  being 
obtained  through  its  use.  In  the  course  of  an  investigation 
to  determine  the  alloy  most  efficient  for  general  railway 
use,  we  found  it  desirable  to  follow  up  this  structure  of 
bearing  metals  in  order  to  note  the  influence  of  this  as  well 
as  that  of  chemical  composition  upon  durability  in  service. 

To  secure  information,  a  large  number  of  bearings  which 
had  run  hot  and  had  been  removed  from  cars  of  different 
railroads  while  passing  over  the  Philadelphia  &  Reading 
Railway  were  taken  for  test.  Fractures  were  made  to  show 
the  general  physical  character  of  the  composition,  sections 
for  microscopic  examination  were  removed,  polished,  etched, 
magnified  as  far  as  necessary  to  show  the  structure  to  best 
advantage,  and  photographed.  Analyses  were  also  carried 
on  at  the  same  time,  especially  in  cases  where  marked  seg- 
regation of  the  metal  was  found  to  exist,  in  order  to  deter- 
mine whether  this  result  was  due  simply  to  an  attempt  at 
the  foundry  to  form  an  alloy  in  proportions  which  were 
.physically  impracticable,  or  whether  it  was  an  effect  of  im- 
proper foundry  manipulation.  The  marked  crystallization 
which  was  often  found  in  these  bearings  was  also  investi- 
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gated  in  a  similar  manner.  Also,  in  the  majority  of  cases, 
test  sections  were  cut  from  the  bearings,  and  the  tensile 
strength  and  elongation  determined  in  order  to  find  out 
whether  in  a  given  composition  proper  foundry  practice 
would  not  be  ensiired  by  placing  a  limit  upon  the  strength 
and  ductility  of  the  alloy. 

Side  by  side  with  these  tests  a  considerable  number  of 
alloys  have  been  prepared  in  the  foundry  to  check  the 
accuracy  of  the  deductions  and  to  secure  information  as  to 
the  conditions  of  foundry  practice  necessary  to  give  the 
greatest  strength  and  ductility  to  the  given  composition, 
the  objects  throughout  the  investigation  being,  first,  to 
determine  the  sources  of  excessive  friction  inherent  in  bear- 
ings prepared  under  widely  differing  conditions  of  foundry 
practice,  then  to  find  out  by  experimentation  the  practice  by 
which  such  defects  were  produced,  as  well  as  the  methods 
and  manipulation  necessary  to  insure  the  most  efficient 
results,  in  order  to  establish  in  our  foundries  a  thoroughly 
serviceable  standard  practice  as  free  as  possible  from 
observed  defects. 

In  the  composition  of  the  bearings  a  wide  variation  was 
naturally  found,  among  others  being  the  old  copper-tin  alloy 
of  seven  to  one,  and  copper-zinc  bearings  running  as  high 
as  35  per  cent,  in  zinc,  an  alloy  which,  by  the  way,  had  sel- 
dom been  discarded  owing  to  heating  resulting  from  defects 
in  the  bearings  themselves,  but  which  showed  evidence  of 
exceedingly  rapid  wear ;  phosphor-bronzes  were  found  in 
moderate  amount,  while  most  numerous  of  all — probably 
because  most  used — were  the  copper-tin-lead  compositions, 
varying  in  their  proportions  considerably,  but  averaging 
from  10  to  15  per  cent,  of  tin,  with  from  15  to  5  per  cent,  of 
lead,  the  balance  being  principally  copper.  In  the  majority 
of  cases,  however,  the  mere  general  composition  was  found 
to  have  caused  but  small  part  of  the  difficulty.  The  main 
causes  were  the  following  : 

(i)  Segregation  of  the  metals. 

(2)  Coarse  crystalline  structure. 

(3)  Dross  or  oxidation  products,  and  an  excessive  amount 
of  enclosed  eras  in  the  metal. 
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In  addition  to  these  the  lack  of  proper  lubrication  might 
be  mentioned,  though  our  investigation  seems  to  show  that 
a  relatively  small  percentage  of  the  bearings  examined  had 
been  discarded  owing  solely  to  this  cause. 

Segregation  has  been  found  to  be  due  in  many  cases  to 
an  attempt  to  alloy  the  metals  in  improper  proportions, 
this  being  notably  the  case  in  some  of  the  copper-tin  lead 
compositions  in  which  an  excessive  proportion  of  lead  had 
been  introduced,  with  the  ordinary  practice,  resulting  in 
the  liquation  of  a  portion  of  the  lead,  and  often  also  the 
separation  of  a  part  of  the  copper  into  "  copper  spots," 
thereby  producing  surfaces  of  relatively  high  heating  capa- 
city, and  ultimately  causing  "  hot  boxes."  Fig.  j  represents 
a  photomicrograph  of  a  copper-tin-lead  composition  which 
had  segregated  owing  to  pouring  too  rapidly  when  at  a 
high  temperature.  In  this  case  a  portion  of  the  lead  had 
separated  out,  and  also  a  slight  crystallization  is  seen, 
owing  to  the  presence  of  a  slight  excess  of  silicon  in  the 
metal.  Fig.  12  represents  a  bearing  which  had  been  badly 
segregated  owing  to  rapid  pouring,  and  had  run  hot  in  ser- 
vice. The  composition  was  as  follows :  Copper,  74"67 ;  tin, 
1 5*27  ;  lead,  iO'27.  Fig.  /  is  a  photograph  showing  upon  one 
side  the  fracture  of  a  badly  segregated  bearing  with  "  cop- 
per spots,"  and  upon  the  other  that  of  a  well-mixed  and 
homogeneous  composition  taken  at  random  from  our  daily 
output,  the  segregation  in  the  one  case  being  due  partly  to 
the  presence  of  an  excessive  amount  of  lead  in  the  brass, 
but  mainly  to  rapid  pouring  at  high  temperature. 

To  a  certain  extent  these  segregations  may  be  prevented 
even  in  a  wrongly  proportioned  alloy  simply  by  rapid  chill- 
ing  of  the  metal  immediately  after  pouring,  as  for  instance 
by  the  use  of  a  cold  iron  mould.  Such  practice  is,  however, 
at  the  expense  of  the  ductility  of  the  metal,  and  causes  a 
marked  increase  in  brittleness  with  consequent  rapid  wear 
in  service.  High  heating,  combined  with  rapid  pouring 
and  feeding,  is,  as  mentioned,  a  very  frequent  cause  of  segre- 
gation, since  under  such  conditions  the  metal  in  the  mould 
remains  for  a  considerable  time  in  a  molten  condition,  and 
by  chilling  gradually  is  given  the  greatest  possible  chance 
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to  solidify  in  definite  natural  alloys,  throwing  out  whatever 
excess  of  metal  may  be  present  beyond  these  proportions, 
and  thus  resulting  in  segregation. 

In  actual  service  the  effect  of  these  segregations  is 
readily  understood,  for  it  is  evident  that  instead  of  an  alloy 
of  uniform  hardness  and  heating  capacity  there  is  a  mix- 
ture, some  portions  of  which  are  relatively  very  hard,  and 
others  very  soft,  and  this  difference,  combined  with  that 
occasioned  by  the  varying  heating  capacity  of  the  different 
portions,  naturally  localizes  friction,  and  ultimately  results 
in  excessive  heating.  In  a  homogeneous  alloy  no  such  con- 
ditions exist,  and  although,  as  is  true  of  some  compositions, 
some  of  the  metals  may  be  present,  at  least  in  part,  in  mere 
mechanical  mixture,  and  not  as  a  definite  alloy,  yet  the 
particles  may  be  made  so  small  that  the  friction  throughout 
the  bearing  is  practically  uniform,  and  undue  local  heating 
is  not  liable  to  occur  excepting  through  some  outside 
agency.  A  fine-grained  structure  is  obtained  in  these 
metals  by  means  of  comparatively  slow  pouring,  the  object 
being  to  have  the  metal  in  the  mould  remain  in  a  fluid  con- 
dition as  short  a  time  as  possible,  thus  preventing  any 
tendency  towards  segregation  or  settling  out.  Pouring  at 
too  slow  a  rate,  on  the  other  hand,  tends  to  form  "  shot " 
in  the  bearing  through  the  freezing  of  the  metal  before 
it  has  flowed  completely  into  the  mould.  The  proper  rate 
of  pouring  can,  however,  be  easily  determined  by  careful 
experiment,  and  must  be  watched  very  closely  in  order  to 
secure  uniformh'  good  results. 

The  coarsely  crystalline  structure  which  was  often  seen 
in  these  defective  bearings  was  in  some  cases  found  to  be 
due  to  the  composition  of  the  alloy,  antimony  especially 
tending  in  this  direction.  In  many  cases,  however,  it  has 
been  traced  to  the  foundry  practice,  often  being  due  to 
rapid  pouring  at  high  temperature.  In  Fig.  10  we  represent 
the  condition  of  a  crystalline  bearing  which  had  run  hot  in 
service.  Crystallization  was  also  often  caused,  as  will  be 
shown  later  on,  by  the  presence  of  an  excess  of  various 
materials  which  were  originally  added  as  deoxidizing  agents. 

The  effects  of  this  coarse  crystallization  upon  the  dura- 
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bility  of  the  bearing  are  twofold.  In  the  first  place,  increased 
local  friction  results  in  the  same  manner  as  in  the  case  of  seg- 
regated bearings,  owing  to  the  varying  degrees  of  hardness 
and  heating  capacity  of  the  constituents,  and  secondly,  the 
ductility  of  the  metal  and  the  tensile  strength  are  materially 
decreased.  As  the  rapidity  of  wear  with  a  given  tensile 
strength  has  been  proved  by  different  experimenters  to 
increase  with  brittleness,  it  becomes  evident  that  the  dura- 
bility of  one  of  these  crystallized  bearings  in  service  is 
bound  to  be  defective  owing  to  an  excessive  rate  of  wear, 
even  though  the  heating  which  would  naturally  result 
should  not  occur. 

Fjg.  g  represents  a  segregated  copper-tin  alloy  containing 
about  80  per  cent,  of  copper  and  about  O'l  per  cent,  of 
phosphorus,  showing  the  crystalline  structure  of  such  com- 
position, and  it  may  be  mentioned  in  passing  that  the  old 
copper-tin  alloy  of  seven  to  one,  having  a  somewhat  similar 
structure,  and  formerly  much  used  as  a  railway  bearing 
metal,  is  a  notoriously  rapidly  heating  composition,  and  is 
not  often  found  to-day  used  for  this  purpose.  Fig.  ^  is  a 
photograph  of  one  of  these  badly  crystallized  brasses 
together  with  one  showing  a  homogeneous  and  fine-grained 
structure. 

Another  very  common  source  of  difficulty  found  in  defec- 
tive bearings  was  the  presence  of  particles  of  dross  or 
oxidized  metal  mechanically  enclosed,  and  also  of  large 
amounts  of  occluded  gas  in  the  metal.  In  the  former  case 
a  hard,  cutting  surface  was  presented  to  the  journal,  caus- 
ing increased  friction,  and  hence  heating.  The  presence  of 
occluded  gas  in  excess  also  tended  in  the  same  direction  by 
reducing  the  actual  bearing  surface  of  the  brass,  and  thus 
materially  increasing  the  pressure.  Such  metal  was  natur- 
ally found  to  be  very  brittle,  and  to  have  worn  rapidly  in 
service.  In  the  foundry  practice  the  presence  of  this  en- 
closed matter  is  as  injurious  as  in  the  bearings  themselves, 
tending  to  cause  sluggish  pouring,  unless  the  metal  is  heated 
to  a  very  high  temperature,  in  which  case  crystallization 
and  segregation — as  shown  above — are  liable  to  result 
unless  the    speed  of  pouring   is  very  carefully   regulated. 
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Lack  of  fluidity  also  tends  to  prevent  the  formation  of  sharp, 
clean  castings. 

Fig.  6  represents  dross  mechanically  enclosed  in  a 
copper-tin-lead  composition,  and  Figs.  7  and  S  show  this 
appearance  of  the  metal  when  containing  an  excess  of 
occluded  gas,  and  show  clearly  the  loss  of  bearing  surface 
which  may  result  from  such  porous  condition. 

In  ordinary  practice  the  foundrymen,  if  left  to  their  own 
devices,  avoid  sluggishness  of  the  metal  by  simple  heating 
until  sufficient  "  life  "  has  been  given.  If  the  metal  does 
not  contain  any  appreciable  amount  of  dissolved  gases  or  oxi- 
dation products,  such  practice  is  perfectly  correct.  Unfortu- 
nately, however,  the  bearing  metals  in  general  retain  obsti- 
nately a  considerable  amount  of  gas  which  is  bound  to  cause 
sluggishness  unless  removed,  and  failure  to  effect  this  renders 
high  heating  necessary  to  give  proper  fluidity,  and  as  in 
most  foundries  the  piecework  system  is  in  vogue,  the  main 
object  of  the  men  is  to  empty  the  metal  into  the  flasks  in 
the  shortest  possible  time.  Thus  we  have  two  elements 
combined,  high  heating  and  rapid  pouring,  which,  as  has 
been  explained,  are  almost  certain  forerunners  of  hot  boxes, 
owing  to  the  segregation  which  generally  results. 

Sluggishness  can  be  entirely  prevented  with  a  minimum 
amount  of  heat  by  simply  removing  these  dissolved  gases 
and  oxidation  products  from  the  metal,  and  this  can  be 
effected  by  the  use  of  any  good  deoxidizing  material.  It  is, 
for  instance,  a  matter  of  common  observation  that  when  a 
small  amount  of  phosphorus  is  introduced  into  a  pot  of  mol- 
ten metal  a  marked  increase  in  fluidity  results,  and  upon 
microscopic  examination  of  castings  made  before  and  after 
the  addition,  the  structure  of  the  latter  will  be  found  much 
the  denser,  and,  as  a  result  of  this,  both  strength  and  duc- 
tility will  be  found  to  have  increased  considerably.  Phos- 
phor-bronze is,  perhaps,  the  best-known  metal  of  this  class, 
and  is  noted  for  its  fluidity  in  the  foundry  and  density  of 
structure  owing  to  thorough  deoxidation  of  the  metal. 

The  wearing  properties  and  strength  of  such  metal  have 
been  found  by  different  observers  to  be  much  greater  than 
those  of  a  meftal  of  the  same  approximate  composition  but 
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not  deoxidized.  Unfortunately,  however,  in  the  phosphor- 
bronzes  the  attempt  has  been  made  to  effect  what  may  be 
termed  "  cumulative  deoxidation,"  or,  in  other  words,  ta 
store  up  deoxidizing  material  in  the  metal  sufficient  to 
remove  oxidation  products  which  may  form  upon  subse- 
quent remeltings.  This  effect,  however,  does  not  seem  to 
result  to  appreciable  extent,  but,  instead,  a  network  of  crys- 
talline salts  of  the  various  metals  is  formed,  and  upon 
repeated  remeltings  this  proportion  of  oxidation  products 
gradually  increases  until  finally  the  condition  of  the  metal 
as  a  bearing  is  worse  than  if  the  deoxidation  had  never 
been  attempted.  Fig.  4.  represents  the  structure  of  a  bear- 
ing which  contained  an  excess  of  phosphorus,  and  shows 
the  appearance  of  structures  which  is  often  found,  and  ren- 
ders evident  why  such  excess  should  be  carefully  avoided 
in  the  most  efficient  bearing  metal.  Phosphorus  has  been 
mentioned  in  this  connection  simply  as  an  exponent  of  a 
general  class,  but  the  same  may  be  said  of  any  other  sub- 
stance which  combines  with  the  bases  present  to  form  salts. 
Excess  of  silicon,  for  instance,  results  in  the  crystallization 
shown  in  Figs,  j  and  5. 

Turning  now  to  what  may  be  termed  basic  deoxidizers, 
or  metals  like  zinc  or  sodium,  which  combine  readily  under 
the  conditions  of  the  foundry  with  whatever  oxidation 
products  may  be  present  in  the  metal.  The  action  of  zinc 
as  an  aid  in  producing  sound  castings  has  been  long  known,, 
and  in  1892  Dr.  Dudley  pointed  out  that  not  more  than 
between  i  and  2  per  cent,  should  be  added  to  the  molten 
metal,  the  reason  of  this  being  that  sufficient  oxygen  and 
oxidation  products  are  usually  present  to  combine  with  the 
greatest  part  of  that  quantity,  forming  oxide  of  zinc,  which 
rises  to  the  surface  or  passes  off  as  a  fume,  leaving  but 
little  of  the  metal  itself  to  act  as  a  weakener.  The  effect 
of  metallic  sodium  in  small  amount  is  similar  to  that  of 
zinc,  excepting  that  the  action  is  much  more  energetic,  and 
hence  but  a  very  small  quantity  is  required  to  effect  the 
change.  Excess  of  these  bases  appears  not  to  detract  in 
any  way  from  the  antifrictional  qualities  of  the  bearing ; 
they  do,  however,  act  to  a  marked  extent  as   weakeners,. 
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decreasing  both  tensile  strength  or  ability  to  carry  loads, 
and  elongation  or  wearing  quality. 

In  any  large  railway  foundry  considerable  quantities  of 
bearings  discarded  through  one  cause  or  another  from  cars 
of  foreign  roads  are  received  in  the  scrap  heap.  Such  bear- 
ings  may  contain  a  good  deal  of  "  yellow  brass,"  that  is, 
metal  containing  a  considerable  proportion  of  zinc.  If 
much  of  such  brass  is  added  to  the  pot,  a  considerable  pro- 
portion of  zinc  is  introduced,  and  comparatively  rapid  wear- 
ing in  service  is  certain  to  result.  The  best  practice  in 
such  cases  is,  perhaps,  to  set  aside  such  yellow  bearings, 
and  to  add  but  one  of  them  to  a  pot  of  metal,  or  just  enough 
to  correspond  to  the  i  to  2  per  cent,  of  zinc  desired,  omitting 
then  the  addition  of  spelter  entirely.  By  this  means  the 
good  results  of  the  deoxidation  by  means  of  the  zinc  may 
be  obtained  without  retaining  sufficient  excess  to  produce 
brittleness.  Zinc  of  itself  does  not,  however,  effect  com- 
plete deoxidation,  as  may  be  shown  by  observing  the 
increased  fluidity  in  a  pot  of  metal  upon  adding  a  small 
amount  of  silicon  or  phosphorus  after  deoxidation  with  the 
zinc,  and  noting  the  oxidation  products  which  subsequently 
rise  to  the  surface.  The  density  of  the  metal  also  will  be 
found,  upon  test,  to  have  increased  after  the  addition.  In 
our  own  practice  we  prefer  the  use  of  silicon  in  very  small 
proportion  after  the  addition  of  zinc  in  the  form  of  spelter, 
or  as  yellow  brass.  By  this  means  a  very  strong  close- 
Sfrained  and  ductile  metal  is  obtained  at  a  minimum  cost. 
We  find  it  necessary  to  regulate  the  amount  of  silicon  very 
carefully  in  order  to  avoid  the  partial  crystallization  which, 
as  has  been  shown,  would  otherwise  result.  It  is  easy,  how-- 
ever,  to  determine  the  amount  needed  by  experiment,  adding 
a  definite  quantity  of  silicon  to  the  melted  metal  after  par- 
tial deoxidation  with  about  i  per  cent,  of  zinc,  stirring 
thoroughly,  and  pouring  at  once.  A  section  is  cut  from  a 
casting,  and  polished,  etched  and  magnified.  If  an  excess 
of  silicon  is  present  the  crystalline  appearance  will  be  seen, 
as  in  Figs,  j  and  5.  If  this  is  the  case,  the  amount 
of  silicon  should  be  reduced  in  the  next  batch,  and  a  section 
again  examined,  this  being  continued  until  but  a  bare  trace 
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of  silicon  is  found  in  excess,  thus  ensuring  almost  entire 
absence  of  crystallization  due  to  this  cause.  In  our  practice 
we  have  found  that  the  amount  of  the  deoxidizer  required 
in  the  different  lots  of  scrap  is  fairly  uniform,  and  we  there- 
fore merely  add  to  each  pot  the  amount  found  necessar)^ 
upon  an  average,  checking  up  the  quality  by  taking  bear- 
ings at  random  from  the  daily  output,  a  practice  which  we 
consider  indispensable  in  maintaining  efficiency  among  the 
workmen.  Arsenic  is  sometimes  used  to  effect  deoxidation, 
but  gives  no  better  results '  than  other  deoxidizers,  and 
should  not  be  tolerated  in  the  foundry  on  account  of  its  poi- 
sonous properties. 

Turning  now  to  the  influence  of  the  above-mentioned 
defects  upon  the  tensile  strength  and  elongation  of  the  bear- 
ings examined.  Dross  or  oxidation  products  are  simply 
elements  of  weakness,  and  thus  reduce  both  tensile  strength 
and  elongation.  Coarse  crystallization  and  segregation  both 
tend  in  the  same  direction.  With  the  former,  the  faces  of 
the  crystals  form  the  surfaces  of  least  resistance,  and  thus 
facilitate  fracture  and  lessen  ductility,  while  in  the  segre- 
gated bearing  the  different  portions  of  the  metal  vary  in 
tensile  strength  and  elongation,  so  that  the  section  tears 
apart  under  a  comparatively  low  stress.  Excess  of  deoxi- 
dizers also  acts  in  a  similar  manner,  and  the  result  is  espe- 
cially marked  in  case  of  excess  of  zinc  or  of  sodium,  ensuring 
comparatively  rapid  wear  in  service.  A  test  section  taken 
from  the  bearing  represented  by  Fig.  ^  showed  a  tensile 
strength  of  only  10,500  pounds  per  square  inch,  with  an 
elongation  of  only  4  per  cent,  in  a  2-inch  section.  A  bearing 
of  the  same  composition  if  properly  prepared  in  the  foundry 
and  free  from  crystallization  would  have  a  tensile  strength 
of  about  25,000  pounds  per  square  inch,  and  an  elongation 
of  about  13  per  cent,  when  the  test  sections  were  taken 
from  the  bearing  in  a  similar  manner. 

In  the  porous  brasses  we  naturally  found  the  same  lack 
of  strength  and  ductility  owing  to  the  deficiency  in  the 
amount  of  metal  present  in  a  given  section.  For  example, 
the  bearing  represented  by  Fig.  7  showed  a  tensile  strength 
of  15,000  pounds  per  square  inch,  with  an  elongation  of  only 


/our.  /•'iiiiiK.  /ii\l..  I'dl.  C'.V/./.V,  Juitf,  K/i 


{Job. 


^* 


■^p 


%'f> 


?■■ . 


/•■/i 


/■>V.    V 


^»:?-.  <5". 


/^/o-.     //. 


/•7".   /^. 


June,  1900.]  Railway  Bearings..  449 

6  per  cent.  Fig.  8  showed  a  tensile  strength  of  18,700 
pounds  per  square  inch,  with  7  per  cent,  elongation.  Thus  we 
see  that  the  influence  of  the  various  defects  is  clearly  shown 
when  metal  of  a  known  composition  is  subjected  to  tensile 
tests,  and  it  becomes  possible  to  hold  the  foundry  up  to  a 
high  grade  of  excellence  by  this  comparatively  simple 
means  with  analytical  and  microscopic  work  as  a  basis. 

Objection  may,  perhaps,  be  made  that  it  appears  rather 
arbitrary  to  place  limits  upon  tensile  strength  and  elonga- 
tion in  bearings,  and  that,  after  all,  in  practical  service  it 
is  merely  necessary  to  have,  with  a  proper  composition,  a 
fairly  strong  homogeneous  material  to  obtain  good  results. 
In  reply,  we  will  merely  state  that  as  a  result  of  very  care- 
fully conducted  service  tests  made  by  placing  bearings  of 
practically  the  same  composition,  but  differing  widely  in 
both  tensile  strength  and  elongation,  upon  opposite  ends 
of  the  same  axles,  we  have  invariably  found  that  increase 
of  strength  and  ductility  meant  an  increased  life  to  the 
bearings  in  service  and  a  lessening  of  wear,  our  results  in 
this  respect  being  in  accordance  with  the  deductions  given 
by  Dr.  Dudley  in  1892  before  the  Franklin  Institute.  As  an 
instance  of  difference  in  efficiency  due  to  these  causes,  we 
may  cite  a  service  test  in  which  eight  bearings  each,  of  two 
copper-tin-lead  compositions,  were  placed  under  tenders  of 
fast  passenger  locomotives,  one  bearing  of  each  kind  being 
placed  upon  an  end  of  each  axle.  All  the  bearings  were  of 
practically  the  same  composition,  but  the  one  set  showed  a 
tensile  strength  of  about  16,500  pounds  per  square  inch, 
with  an  elongation  of  about  6  per  cent.,  while  the  other  had 
a  strength  of  about  24,000  pounds  per  square  inch,  with  an 
elongation  of  about  13  per  cent.  This  marked  difference 
was  due  simply  to  the  fact  that  in  the  one  case  the  metal 
was  porous,  about  as  shown  in  Fig.  7,  while  the  other  was 
thoroughly  deoxidized,  and  was  close-grained  and  homo- 
geneous, similar  in  structure  to  Fig.  11.  From  time  to 
time  these  bearings  were  removed  and  weighed,  and  the 
end  wear  measured.  As  a  final  result,  it  was  found  that  the 
more  brittle  set  had  worn  35  per  cent,  more  rapidly  than 
the  others.  The  results  of  similar  tests,  also,  tiave  been  in 
Vol.  CXLTX.    No.  894.  29 
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line  with  the  above.  Therefore  it  becomes  evident  that  in- 
creased ductility  and  strength  in  the  bearing  of  given  com- 
position means,  as  stated,  an  increased  life  for  the  bearings 
in  service,  and,  as  relatively  high  ductility  necessitates  also 
freedom  from  the  defects  which  we  have  mentioned,  it  is 
evident  that  the  chances  of  cool  running  are  proportion- 
ately greater.  These  qualities  are  therefore  not  merely  of 
theoretical  interest,  but  have  an  intensely  practical  value, 
and  have  a  marked  influence  upon  the  success  and  economy 
of  railway  service. 

Regarding  the  preparation  of  the  sections  for  micro- 
scopic study,  we  have  found  it  desirable  to  cut  them  from 
the  center  of  the  bearing,  filing  and  polishing  after  the 
usual  methods,  and  finally  etching  with  an  approximately 
decinormal  solution  of  iodine  in  potassium  iodide,  the  time 
of  etching  being  usually  about  one  minute.  This  etching 
gives  very  satisfactory  results  in  many  cases,  though  in 
some  etching  with  dilute  chromic  or  nitric  acid  has  shown 
the  structure  to  better  advantage.  In  ordinary  work  we 
have  found  that  magnification  to  about  thirty  diameters 
is  sufiGcient. 

DESCRIPTION  OF  PLATES. 

Fig.  I. — Fine-grained  and  homogeneous.  P.  &  R.  Ry.  standard.  Crys- 
tallized by  defective  foundry  practice  (copper-tin-lead  bearings). 

Fig.  2. — Segregations.  Fine-grained,  homogeneous  bearing.  P.  &  R.  Ry. 
standard  (copper-tin-lead  bearings). 

Fig.  3. — Segregation  ;  also  silicide  crystallization  (copper-tin -lead  bear- 
ing)- 

Fig.  4. — Crystallization  due  to  phosphides  (copper-tin-lead  bearing). 

Fig.  5. — Silicide  crystallization  (copper-tin-lead  bearing). 

Fig.  6. — Enclosed  dross  (copper-tm-lead  bearing). 

Fig.  7. — Enclosed  gas  (copper-tin-lead  bearing). 

Fig.  8. — Enclosed  gas  (copper-tin-lead  bearing). 

Fig.  9. — Segregation;  also  phosphorus  crystallization  (copper,  So  per 
cent.;  tin,  19*97  per  cent.;  phosphorus,  17  per  cent.). 

Fig.  10. — Crystallization  (copper-tin-lead  bearing). 

Fig.  II. — Close-grained  and  homogeneous  (copper-tin-lead  bearing). 

Fig.  12. — Segregation  due  fo  rapid  pouring  (copper-tin -lead  bearing). 
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stated  Meeting,    Wednesday,   April  18,  igoo. 

RECENT  PROGRESS  ix  the  ALUMINIUM 
INDUSTRY. 


By  Prof.  Joseph  W.  Richards, 
Lehigh  Universitj-,  Member  of  the  Institute. 


Professor  Richards  spoke  in  substance  as-  follows  : 
It  is  not  yet  seventy-five  3'ears  since  aluminium  was 
first  isolated  as  a  metallic  powder,  and  not  yet  fifty  years 
since  it  made  its  appearance  as  a  true  solid  metal,  while 
until  fifteen  years  ago  its  price  was  counted  in  dollars  per 
pound,  and  it  was  used  only  for  articles  of  luxury  or  for 
purposes  where  lightness  was  a  desideratum  and  expense 
was  not  considered.  From  1884  to  1891  several  new  pro- 
cesses of  production  followed  each  other,  reducing  the 
price  nearly  50  per  cent,  each  year  and  causing  the  output 
of  metal  to  increase  nearly  100  per  cent,  each  year,  until 
with  the  present  decade  aluminium  became  a  metal  of 
every-day  life,  for  it  began  to  compete  with  such  ordinary 
metals  as  German-silver,  britannia,  pewter,  bronze,  copper 
and  even  brass.  To-day  sees  this  new  metal  firmly  estab- 
lished among  the  every-day  metals,  known  to  and  used  by 
the  general  public,  and  destined  to  ever-increasing  useful- 
ness until  its  only  rival  will  be  iron  and  steel. 

My  further  remarks  will  concern  only  recent  advances  ; 
and  in  the  line  of  pure  metallurgy^  that  is,  reduction  and 
refining,  there  is  little  to  chronicle.  The  process  of  reduc- 
tion has  certainly  been  somewhat  improved  in  details,  but 
in  principle  it  is  the  same  as  the  Hall  process  of  ten  years 
ago.  The  operators  of  the  process  are  naturally  averse  to 
publishing  the  details  of  their  operations,  and  the  outside 
public  is  vouchsafed  information  only  upon  the  properties 
and  utilization  of  the  metal.  About  all  there  is  to  be  said 
is  that  during  the  last  few  years  all  the  items  of  expense  of 
the  process  have  been  gradually  notched  down — bauxite  is 
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being-  mined  and  prepared  better  and  more  cheaply ;  its 
conversion  into  alumina  is  probably  improved  ;  electrolytic 
carbons  are  being  made  cheaper  and  more  durable ;  electric 
power  is  being  obtained  more  cheaply,  and,  finally,  the 
•doubling  and  doubling  again  of  the  size  of  the  works  has 
reduced  correspondingly  the  cost  of  superintendence  and 
office  expenses.  These,  and  probably  several  other  items 
of  saving,  have  altogether  reduced  the  cost  price  of  alu- 
minium to  probably  about  20  cents  per  pound,  while  its  sell- 
ing price  is  slightly  over  30  cents  in  the  United  States  and 
25  cents  abroad. 

I  could  wish  to  be  free  to  give  more  information  on  these 
metallurgical  details,  but  since  that  is  denied,  I  will  pass  on 
to  the  various  uses  of  aluminium  which  have  recently  ap- 
peared. 

Here  is  a  small  box  containing  a  dozen  aluminium  thim- 
TdIcs,  which  was  sold  in  the  largest  store  in  this  city,  this 
week,  for  5  cents.  This  furnishes  me  a  good  text  to  talk 
about  the  displacement  of  other  common  metals  by  alu- 
minium. These  dozen  thimbles  weigh  less  than  \  an  ounce, 
and  the  aluminium  in  them  cost  the  manufacturer  just  i 
cent.  If  he  had  made  them  of  common  brass,  they  would 
have  weighed  \\  ounces,  and  the  metal  in  them  have  cost 
if  cents,  which  is  an  increased  cost  of  metal  of  75  per  cent. 
Or,  stating  it  another  way,  to  manufacture  $1,000  worth 
(selling  price)  of  thimbles,  the  manufacturer  would  have  to 
buy  to  make  them  "(allowing  25  per  cent,  for  waste  clip- 
pings) $250  worth  of  sheet  aluminium  or  $437.50  worth  of 
sheet  brass.  The  general  public  considers  brass  as  a  cheap 
metal,  and  such  facts  as  the  above  are  rather  startling  when 
first  grasped. 

Coming  to  the  city  in  the  train  to-day,  I  estimated  the 
amount  of  brass  fittings  on  one  railway  car  as  about  300 
pounds.  Without  exception,  they  were  replaceable  by  light 
aluminium  alloy,  which,  fully  as  strong,  would  weigh  only  100 
pounds  and  cost  only  two-thirds  as  much.  The  difference 
in  cost  would,  probably  amount  to  $20  per  car,  in  favor  of 
aluminium,  while  the  saving  in  dead-weight  hauled  would 
be  more  than  the  average  weight  of  one  passenger  per 
car. 
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Such  instances  as  the  above  could  be  multiplied  ad  libi- 
tum, but  these  suffice  to  prove  the  point,  little  apprehended 
by  the  general  public,  that  for  almost  every  practical  pur- 
pose aluminium  is  cheaper  than  all  the  common  metals 
excepting-  zinc,  lead  and  iron.  Brass,  tin,  copper,  are  of 
approximately  the  same  specific  gravity,  and  in  comparing 
their  costs  we  usually  think  only  of  their  relative  cost  per 
pound  ;  but  aluminium  is  entirely  in  another  class.  It  takes 
only  one-third  of  a  pound  of  aluminium  to  take  the  place  of 
one  pound  of  these  metals,  and  the  proper  basis  of  compari- 
son here  is  to  compare  the  price  of  one-third  of  a  pound  of 
aluminium  with  that  of  one  pound  of  brass,  etc.  The  com- 
parison, therefore,  stands  as  follows  : 

One-third  pound  of  aluminium 5°^^ 

One  "        "    brass 15 

"  "        "   copper 17 

"tin 30 

The  next  great  improvement,  after  that  of  the  fall  in 
price,  has  been  in  the  successful  manufacture  of  light, 
strong  alloys.  This  has  been  a  subject  at  which  metallur- 
gists have  worked  hard  and  long,  and  their  labors  are  bear- 
ing fruit  in  abundance.  Pure  aluminium  has  many  resem- 
blances to  pure  copper.  Take  away  the  red  color  of  copper, 
and  its  softness,  malleability,  toughness,  silky  fibrous  frac- 
ture are  almost  exactly  duplicated  by  aluminium  ;  but  they 
are  both  soft,  rather  weak,  metals.  Five  per  cent,  of  alu- 
minium, silicon  or  manganese  or  30  per  cent,  of  zinc  added 
to  copper  make  famously  strong  bronze  or  brass.  Similarly, 
5 -per  cent,  of  copper,  nickel  or  manganese,  or  30  per  cent,  of 
zinc,  added  to  aluminium,  make  strong  metals  as  rigid  as 
bronze  yet  only  one-third  as  heavy.  Such  light,  strong, 
good  casting  and  machining  alloys  have  an  extremely  large 
field  of  usefulness,  and  will  receive  a  very  large  application 
in  the  near  future.  It  would  be  possible  for  me  to  consume 
half  of  the  time  at  our  disposal  this  evening  telling  alone  of 
the  various  strong,  light  alloys  which  have  approved  them- 
selves in  very  recent  years ;  but,  as  an  illustration,  I  will 
mention  the  alloy  made  by  the  Delaware  Metal  Refinery,  of 
this  city,  and  which  is  one  of   the  best.     It  is  a  hard  white 
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alloy,  specific  gravity  3-1,  melts  clean,  runs  fluid,  makes 
beautifully  sharp  and  perfect  castings,  turns  and  machines 
like  the  finest  brass,  polishes  well,  and,  to  conclude,  is  fully 
as  rigid  and  strong  as  gun-metal  or  the  best  of  the  ordinary 
bronzes.  I  do  not  enumerate  this  catalogue  of  virtues 
merely  from  my  own  knowledge  of  the  alloy,  but  could  sub- 
stantiate it  from  the  experience  of  Philadelphia  firms  who 
are  using  it  regularly  and  are  quite  enthusiastic  over  its 
possibilities.  This  alloy  is  principally  of  aluminium  and 
zinc,  and  sells  at  the  same  price  per  pound  as  pure  alumin- 
ium. The  field  of  application  of  light  alloys  with  such 
properties  to  light-running  machinery,  portable  apparatus, 
vehicles,  instruments,  etc.,  is  almost  immeasurable,  and  the 
next  few  years  will  see  its  use  very  general  for  such  and 
similar  purposes. 

The  use  of  aluminium  for  culinary  utensils  is  extending 
steadily,  as  their  merits  become  better  known.  A  brief 
statement  of  what  they  are  for  this  purpose  is  that  they 
possess  all  the  advantages  of  copper  utensils,  with  none  of 
their  disadvantages.  The  first  aluminium  utensils  put  on 
the  market,  ten  years  ago,  were  generally  too  lightly  made, 
and  were  consequently  easily  dented  and  bent  out  of  shape. 
The  manufacturers  have  learned  by  experience,  and  the 
ware  now  being  sold  is  fully  as  durable  as  the  best  copper 
ware.  An  aluminium  kettle  in  my  father's  house  has  been 
on  the  stove  constantly  for  seven  years,  boiling  Schuylkill 
water,  and  is  apparently  uninjured  and  unworn.  The  inside 
has  a  brownish  adherent  skin  of  oxide  which  seems  to  be 
continuous  and  to  efficiently  protect  the  metal  beneath  from 
further  oxidation.  It  bids  fair  to  become  an  heirloom  in  the 
family.  [In  reply  to  a  question:  "The  aluminium  goods 
need  only  as  much  attention  as  ordinary  tin  ware  to  keep 
them  bright  and  clean.  Bath-brick  dust,  such  as  is  used 
for  polishing  knives,  is  as  good  a  scourer  as  can  be  used  on 
them."] 

There  are  at  present  a  full  dozen  firms  engaged  in  manu- 
facturing this  culinary  ware,  and  it  is  now  so  generally 
known  that  it  was  unnecessary  for  me  to  display  any  here 
as  a  novelty.     This    small    "bonbonniere,"  made   by   Hill, 
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Whitney  &  Co.,  of  Waltham,  Mass.,  and  modelled  after  the 
famous  silver  porringer  hammered  out  by  Paul  Revere,  is 
interesting-  as  to  its  shape,  as  well  as  showing  the  beautiful 
finish,  inside  and  out,  which  can  be  given  aluminium  ware. 

As  a  distinct  novelty  in  aluminium  goods  may  be  men- 
tioned the  beautiful  ware  being  made  by  the  native  metal- 
workers in  the  bazaars  and  industrial  school  at  Madras, 
under  the  leadership  of  Mr.  Chatterton.  These  native  work- 
men are  probably  the  most  skilful  metal-workers  in  the 
world,  and  their  work  is  principally  confined  to  steel  arms, 
silver  ornaments  and  copper  and  brass  utensils.  The  fact 
that  aluminium  sheet  blanks  can  now  be  purchased  cheaper 
than  similar  sized  blanks  of  copper  or  brass  has  given  the 
opportunity  to  introduce  the  working  of  aluminium.  The 
natives  have  easily  mastered  the  peculiarities  of  the  new 
metal,  and  take  most  kindly  to  it.  The  native  Indian  troops 
are  largely  supplied  with  aluminium  ware,  and  it  is  coming 
into  favor  in  all  castes,  from  the  lowest  to  the  highest,  on 
account  of  its  lightness  and  cleanliness,  whilst  costing  no 
more  than  copper  or  brass  utensils. 

[There  were  here  shown  on  the  screen  a  number  of  photo- 
graphs of  the  bazaar  workshops  and  their  ware,  loaned  for 
the  lecture  by  the  Aluminium  World,  of  New  York.  The 
scenes  were  most  realistic,  and,  judging  from  the  photo- 
graphs, the  ware  is  equal  in  construction  and  superior  in 
artistic  finish  to  any  other  aluminium  ware  made  anywhere.] 

There  are  upon  this  table  many  small  articles  and  novel- 
ties in  aluminium,  loaned  by  Mr.  Mertz,  of  your  city.  It 
would  be  useless  for  me  even  to  attempt  to  name  all  the 
various  goods  which  are  now  being  made  of  aluminium,  in 
which  its  lightness  and  prettiness  are  much  in  evidence. 
The  toilet  goods  and  pocket  articles  are  especially  in  favor, 
and  aluminium  combs  are  being  made  by  tens  of  thousands, 
and  consuming  a  generous  share  of  all  the  aluminium  sheet 
made.  An  equally  large  use  is  for  fruit-jar  caps,  for  which 
aluminium  is  superseding  zinc,  although  more  expensive, 
because  of  its  harmlessness. 

In  the  artistic  branch  of  lithographic  priiiting  3.\vim.\n\Mva. 
is  rapidly  winning  an  important  place.     Nearly  two  years 
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ago,  speaking  in  this  hall  about  the  progress  of  aluminium 
industries  in  Europe,  I  spoke  of  the  establishment  I  had 
visited  at  Mainz,  which  printed  altogether  from  aluminium 
plates.  The  process  was  then  quite  new,  but  since  that 
time  about  thirty  firins  in  the  United  States  alone  have 
taken  up  the  aluminium  plate  printing,  and  are  using  it 
regularly,  while  the  number  in  Europe  is  probably  forty  or 
fifty.  Here  is  a  trade  catalogue  printed  by  the  Sackett  & 
Wilhelms  Company,  of  New  York,  which  is  probably  as  fine 
a  specimen  of  commercial  color  work  as  was  ever  printed, 
and  this  firm  prints  exclusively  from  aluminium  plates. 
The  printing  is  entirely  surface  work,  and  is  being  generally 
done  on  cylinder  presses  instead  of  fiat-bed  machines,  the 
aluminium  sheets  being  bent  onto  the  cylinder,  and  thus 
allowing  of  fast  running.  This  is,  indeed,  a  most  promising 
infant  industry,  which  cannot  but  grow  to  large  propor- 
tions, seeing  the  advantages  of  aluminium  plates  over 
lithographic  stone. 

Electric  conductors  can  now  be  laid  more  cheaply  in  alu- 
minium than  in  copper.  This  is  indeed  a  startling  state- 
ment when  first  heard,  for  almost  every  one  is  wont  to  con- 
sider copper  as  the  metal  par  excellence  for  conductors.  But, 
pure  aluminium  has  over  60  per  cent,  the  conductivity  of 
pure  copper,  and  is  fully  as  strong  and  resistant  to  atmos- 
pheric influences.  It  is  therefore  only  necessary  to  take  an 
aluminium  wire  one-fourth  as  large  again  in  diameter  as  a 
copper  wire  (giving  a  little  over  50  per  cent,  more  section) 
to  get  equal  conductivity.  Such  a  wire  weighs  one-half  as 
much  as  the  copper  wire  it  replaces,  and  costs  only  two- 
thirds  as  much.  Long-distance  transmission  lines  and 
trolley-line  feed  wires  are  being  put  in  in  aluminium  as  fast 
as  the  makers  can  supply  the  metal.  Over  500  tons  of 
aluminium  were  used  for  this  purpose  last  year,  and  prob- 
ably double  as  much  will  be  used  this  year.  As  500  tons 
supplants  1,000  tons  of  copper,  it  will  not  be  long  before 
the  copper  industry  will  begin  to  feel  the  competition  of 
aluminium,  but  will  probably  be  unable  to  meet  it.  This 
one  use  of  aluminium  promises  in  the  near  future  to  con- 
sume its  thousands  of  tons  a  vear.     What  a  contrast  to  the 
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industry  fifteen  years  ago,  when  two  and  one-half  tons  of 
aluminium  was  the  output  of  the  whole  world  in  one  year ! 

The  samples  of  aluminium  cables  before  you  were  kindly 
sent  by  the  Pittsburgh  Reduction  Company,  which  has 
been  foremost  in  developing  this  use  of  aluminium. 

It  is  now  necessary  for  me  to  rapidly  bring  my  remarks 
to  a  close,  and  to  leave  unnoticed  many  interesting  items 
which  might  be  mentioned  did  time  permit.  I  will  close 
by  referring  to  powdered  aluminium  and  the  many  applica- 
tions it  is  receiving.  Aluminium  can  be  rolled  out  to 
irnW  °^  ^^  inch  in  thickness,  and  then  beaten  out  to  45-7770" 
or  even  yij-aTir  ^^  ^^  inch.  As  thin  sheet  it  has  found  some 
application  in  place  of  cardboard,  for  business  cards,  etc., 
but  as  leaf  it  has  entirely  superseded  silver  leaf  in  decorat- 
ing. This  leaf  can,  moreover,  be  ground  to  powder,  and  in 
this  condition  is  used  by  printers  for  silvery  printing,  and  as 
a  paint.  For  the  latter  use  it  is  simply  mixed  with  a  varnish, 
like  ordinary  bronzing  powders,  and  has  already  proven  its 
beauty  and  utility  on  Uncle  Sam's  letter-boxes.  Every  one 
here  has  had  the  opportunity  of  seeing  this  use  and  judg- 
ing for  himself  of  its  practicability.  It  is  to  be  hoped  that 
the  Public  Buildings  Commission  of  your  city  will  not  over- 
look this  material  when  considering  the  painting  or  refresh- 
ing of  the  metal  work  on  the  City  Hall  tower.  It  is  not  likely 
that  a  more  suitable,  durable  or  beautiful  covering  can  be 
obtained  than  this  would  give,  whilst  the  cost  would  cer- 
tainly be  moderate. 

The  powdered  aluminium  has  recently  received  an  ex- 
tremely interesting  metallurgical  application,  in  the  reduc- 
tion of  refractory  metallic  oxides  to  the  metallic  state. 
Over  forty  years  ago  Tissier  proved  that  aluminium  ener- 
getically reduces  some  metallic  oxides.  He  mixed  the 
metallic  oxide  with  aluminium  powder,  heated  it  in  a 
furnace,  and  generally  succeeded  in  reducing  the  oxide  to 
metal  and,  in  some  cases,  reducing  the  furnace  to  ruins. 
Our  esteemed  Secretary,  Dr.  Wahl,  with  Dr.  Greene,  made 
use  of  the  same  energetic  reducing  power  of  aluminium 
to  produce  carbonless  metals,  by  incorporating  with  th^ 
finely-divided  metallic  oxide  the  needful  quantity  of  granu- 
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lated  aluminium  and  reducing  the  mixture  with  the  aid  of 
heat,  in  magnesia-lined  crucibles,  adding  a  certain  quantity 
of  flux  to  this  mixture  to  facilitate  the  reduction.  They 
found  this  process  to  be  specially  applicable  to  the  produc- 
tion of  carbonless  manganese  and  chromium  of  a  high  grade 
of  purity.  This  is  indeed  a  practicable  method  of  operating 
the  reaction  under  control. 

A  further  improvement  is  the  method  of  Goldschmidt,  of 
Essen,  Germany,  who  mixes  the  metallic  oxide  with  powdered 
or  granulated  aluminium  and  ignites  the  cold  mixture  in  a 
cold  crucible.  The  heat  thus  generated  is  sufficient  to  melt 
the  reduced  metal  and  even  the  resulting  alumina,  and  the 
danger  of  explosion  is  very  small.  To  ignite  the  mixture, 
a  small  hole  is  scooped  in  its  upper  surface,  into  which  is 
put  a  mixture  of  barium  peroxide  and  aluminium  powder, 
which  is  relatively  easy  to  ignite.  A  strip  of  magnesium 
ribbon  or  flash-light  paper  is  stuck  into  this  mixture,  and 
lit  by  a  match.  The  magnesium  sets  the  peroxide  mix- 
ture off,  and  this  starts  the  oxide  mixture  reacting  next  to 
it,  and  the  heat  thus  spreads  through  the  whole  mass.  In 
five  to  ten  seconds  the  entire  contents  have  reacted  ;  the 
generation  of  heat  is  so  rapid  that  the  crucible  does  not 
become  warm  outside  for  some  minutes,  and  is  so  intense 
that  it  is  unbearable  to  the  ej^e,  and  is  probably  between 
2,500°  and  3,000°  centigrade.  In  operating  on  a  large  scale, 
a  small  amount  of  the  powder  is  first  ignited  in  the  cruci- 
ble, then  more  is  continually  added  and  the  reaction  kept 
up  until  the  crucible  is  full.  Then  the  melted  alumina  slag 
is  poured  off  and  the  melted  metal  beneath  poured  out. 
The  method  is  applicable  to  reducing  to  metal  almost  all 
metallic  oxides,  except  those  of  magnesium,  the  alkaline 
earths  and  earths,  and  has  been  applied  to  the  more  expen- 
sive metals  which  are  ordinarily  considered  as  difficult  to 
reduce,  such  as  manganese,  chromium,  titanium,  tungsten, 
molybdenum,  vanadium,  uranium,  boron,  etc.  In  some 
cases  the  ferro-alloys  are  made,  which  are  an  easier  form  to 
introduce  the  metals  into  steel,  melting  easier  and  diffusing 
quicker  in  the  steel.  At  Krupp's  works,  at  Essen,  many 
such  alloys  are   made    for  use  in  armor-plate  steel,  and  a 
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similar  class  of  alloys  is  being  made  here  in  Philadelphia, 
probably  by  the  same  method. 

[A  mixture  of  8  ounces  of  green  chromium  oxide  with  4 
ounces  of  powdered  aluminium  was  ignited  by  the  lecturer, 
in  the  manner  described.  The  heat  developed  in  the  cruci- 
ble was  intense,  while  yet  it  was  cool  enough  outside  to 
handle,  and  there  was  obtained  a  slag  of  melted  alumina 
containing  buttons  of  melted  metallic  chromium.  The 
theoretical  amount  of  the  reducing  agent  in  this  case  was 
I  pound  of  aluminium,  in  powder  or  granulated  form,  to 
produce  i  pound  of  chromium.  Granulated  aluminium 
costs  at  present  about  40  cents  per  pound;  the  powder,  $1.25.] 


Stated  Meeting,  April  ^5,  iSgg. 

ELECTROMAGNETIC    MECHANISM,  with    SPECIAL 
REFERENCE  to  TELEGRAPHIC    WORK. 


Bv  R.   A.  FkssENDEN. 


INTRODUCTION. 

In  designing  electromagnetic  mechanism,  we  should 
take  as  our  motto  "  cJierchez  Verg"  and,  having  found  the 
way  the  energy  is  distributed,  we  should  always  keep  it  in 
view.  It  is  on  these  lines  that  I  have  written  the  present 
paper,  and,  as  we  shall  see,  this  method  leads  to  several 
very  simple  and  useful  rules. 

As  regards  the  nomenclature  used,  I  have  taken  the 
units  adopted  by  the  American  Institute  of  Electrical  Engi- 
neers; i.  e., 

P  =  Webers  =  number  of  lines  of  magnetic  induction. 
G  =  Gilberts  =  difference  of  magnetic  potential. 
N  =  Oersteds  =  magnetic  reluctance, 
the  defining  equations  being 

■^  =  yy-  and  G  =  4  71  n  /, 

where  n  is  the  number  of  magnetizing  turns,  and  /  the  cur- 
rent in  them,  all  units  being  in  the  absolute  electromagnetic 
system. 
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Also  I  have  used  the  terminations  -ance  or  -ion  to  signify 
the  integral  of  the  quantity  and  the  terminations  -ivity  or 
-ibility  to  signify  the  intensity  of  the  quantity,  or  the  dif- 
ferential of  the  quantity  with  respect  to  some  other  quantity, 
thus  : 

B  =  Weberivity  =  flux  per  square  centimeter. 
//■  =  Gilberivity  =  drop  of   magnetic    potential  per   centi- 
meter. 
V    =  Oerstedivity  or  reluctivity  =  specific  reluctance. 
fi   =  Permeability  =  reciprocal  of  reluctivity. 
E  =  Voltage  —  difference  of  electrical  potential. 
F  =  Voltivity    =    drop   of     electric    potential    per   centi- 
meter. 

Since,  as  will  be  seen,  we  can  treat  the  subject  more 
easily  by  dividing  the  flux  into  two  parts,  one  due  to  the 
ether,  which  we  will  call  the  extrinsic  flux,  and  the  other  due 
to  the   presence  of  iron  or  other  material,  which  we  will 
call  the  intrinsic  flux,  we  have  the  following  definitions : 
P,   =  Intrinsic  flux. 
B,   Intrinsic  flux  per  square  centimeter. 
iV,   Intrinsic  reluctance. 
p,     Intrinsic  reluctivity. 

Q    Electrostatic  induction  =  lines  of  electrostatic  flux. 
D    Electrostatic  inductivity  =  electrostatic  flux  per  square 
centimeter. 

The  upright  capitals,  Q  and  P,  are  used  to  denote  quan- 
tity of  electricity  and  magnetism,  respectively. 

It  will  be  noted  that  I  have  followed,  so  far  as  possible, 
general  usage  and  the  recommendations  of  the  American 
Institute  of  Electrical  Engineers.  It  is  extremely  unfor- 
tunate that  the  theoretical  men  are  perpetually  making 
what  they  call  "  practical  units,"  which  they  for  some 
reason  or  other  suppose  are  of  great  benefit  to  practicians. 
Thus,  when  the  meter  and  gram  were  established,  the  system 
taken  was  the  decimal  one,  and  we  were  cut  off  finally  from 
the  very  much  preferable  duodecimal  one,  whilst,  had  the 
duodecimal  one  been  taken,  it  might  finally  have  swamped 
out  the  decimal  system  entirely,  to  our  great  benefit  and 
gain.     Then,  when    the   electrical   units  were  fixed,  out  of 


June,  1900.]  Electromagnetic  Mechanism.  461 

pity  for  the  practical  men  the  volt  was  taken  as  10*  absolute 
units,  the  ampere  as  lO"'  units,  the  ohm  as  10^  units,  the 
farad  as  lo",  and  so  on,  thus  introducing  endless  confusion 
and  failing  in  the  very  object  for  which  all  the  trouble  was 
made,  for  at  present  there  is  no  question  but  that  the  volt 
is  too  small  for  practical  work  and  10"  units  would  be  better. 
If  the  volt,  ampere  and  ohm  were  taken  as  the  absolute 
units,  the  practical  units  would  be  the  ampere,  begohm  and 
begavolt,  names  just  as  convenient  as  ampere,  coulomb 
and  farad.  It  is  greatly  to  be  desired  that  the  theoretical 
men  should  leave  off  making  any  more  units  which  they 
fancy  will  be  convenient  for  practical  men,  and  that  they 
will  stick  to  absolute  units. 

What  the  practical  man  wants  is  this  (and  I  speak  from  a 
quite  considerable  practical  experience,  and  acquaintance 
with  other  practical  men) : 

(i)  A  system  in  which  there  are  no  so-called  practical 
units,  but  all  the  units  are  absolute. 

(2)  A  system  of  prefixes  to  denote  the  power  of  ten  by 
which  the  absolute  unit  is  multiplied,  as  suggested  by  Ken- 
nelly  and  Houston.  Thus,  begohm  would  represent  10® 
units  of  resistance,  and  would  correspond  to  our  so-called 
practical  unit,  the  present  ohm.  Begohm  is  as  easy  to- say 
as  coulomb. 

This  system  would  have  the  immense  advantage  that  it 
would  not  be  confusing  by  necessitating,  as  the  present 
system  does,  the  introduction  of  all  sorts  of  coefficients 
when  we  change  from  one  class  of  work  to  another.  It  ap- 
pears to  the  writer  to  be  supremely  ridiculous  to  argue  in 
favor  of  the  C.  G.  S.  system  because  it  gets  rid  of  obnox- 
ious coefficients  in  changing  from,  say,  gravitational  to  iner- 
tial  problems,  and  then  to  go  and  introduce  other  unneces- 
sary coefficients,  in  a  much  worse  form  (since  it  is  easier  to 
remember  a  string  of  three  or  four  figures  than  to  remem- 
ber whether  a  thing  is  to  be  multiplied  by  lO"^  or  10'  or 
lo"^^  or  lo**  or  10*). 

Again,  no  units  can  be  practical  units,  as  conditions 
change  so  much  with  time  and  with  the  kind  of  work.  A 
micro-farad  is  too  large  for  use  in  telephone  work,  where 
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we  often  specify  capacities  in  terms  of  tenths  or  hundredths 
of  microfarads.  But  in  power  transmission  by  the  single- 
phase  system  we  often  deal  with  capacity  effects  in  alternat- 
ing motors  measured  by  thousands  of  microfarads.  How 
much  better  it  would  have  been  to  have  chosen  the  farad 
as  the  absolute  unit  and  let  the  telephone  engineer  speak  of 
three  hexfarads  instead  of  having  first  to  call  it  three  one- 
hundredths  of  a  microfarad  and  then  to  multiply  by  some 
forsaken  coefficient.  Similarly  the  transmission  engineer 
would  speak  of  three  trifarads  instead  of  3,000  microfarads. 

(3)  One  name,  with  different  prefixes  and  suffixes  for  all 
terms  connected  with  each  single  unit.  At  present  the 
whole  system  is  in  the  greatest  confusion.  As  an  aid  to  a 
comprehension  of  the  existing  state  of  affairs,  the  following 
extract  from  one  of  the  works  of  a  well  known  mathemati- 
cian (though  not  of  itself  mathematical  in  character)  is 
given : 

"  You  are  sad," the  Knight  said  in  an  anxious  tone,  "let 
me  sing  a  song  to  comfort  you." 

"  Is  it  very  long?  "  Alice  asked,  for  she  had  had  a  good 
deal  of  poetry  that  day. 

"It's  long,"  said  the  Knight,  "but  it's  very,  very  beauti- 
ful. Every  one  that  hears  me  sing  it — either  it  brings  the 
tears  into  their  eyes,  or  else —  " 

"  Or  else  what?  "  said  Alice,  for  the  Knight  made  a  sud- 
den pause. 

"  Or  else  it  doesn't,  you  know.  The  name  of  the  song  is 
called  '  Haddock's  Eyes.'  " 

"Oh,  that's  the  name  of  the  song,  is  it?"  Alice  asked, 
trying  to  feel  interested. 

"  No,  you  don't  understand,"  the  Knight  said,  looking  a 
little  vexed.  "  That  is  what  the  name  is  called.  The  name 
really  is  'The  Aged,  Aged  Man.'  " 

"  Then  I  ought  to  have  said  '  That's  what  the  song  is 
called,'  "  Alice  corrected  herself. 

"  No,  you  oughtn't ;  that's  quite  another  thing.  The 
song  is  called  '  Ways  and  Means  ; '  but  that's  only  what  it's 
called,  you  know." 

"  Well,  what  ts  the  song  then  ? "  said  i\lice,  who  was  by 
this  time  completely  bewildered. 
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"  I  was  coming  to  that,"  the  Knight  said.  "  The  song 
really  is  '  A  Sitting  on  a  Gate,'  and  the  tune's  my  own 
invention." 

The  following  dialogue,  which  can  hardly  be  called  im- 
aginary, will  now  be  more  readily  appreciated : 

Electrical  Unit  Maker. — (Showing  one  volt  cell  to  man 
who  wants  to  be  an  electrical  engineer)  "  This  cell  gives 
exactly  one  unit  of  Electromotive  Force." 

Student. — "  Why  was  that  name  given  to  the  quantity  ?  " 

E.  U.  M. — "  I  perceive  that  you  misunderstand  me ;  that 
is  not  its  name,  it  is  what  it  is  called.  Its  real  nam,e  is  the 
Volt." 

S. — "  I  beg  your  pardon  ;  why  is  it  called  by  the  title 
Electromotive  Force  ?  " 

E.  U.  M. —  "  Because  it  is  not  a  force  and  has  no  immediate 
connection  with  motion,  that  being  determined  by  its  space 
differential." 

S.— "  Well,  if  that  is  what  it  is—" 

E.  U.  M. — "  Permit  me  to  interrupt  you.  It  isnt.  It 
really  is  the  unit  difference  of  electrical  potential.  It  is 
defined  as  the  unit  difference  of  electrical  potential." 

S. — "  Ah,  now  I  understand.  You  explained  potential 
very  fully  to  me  yesterday.  It  is  equivalent  to  electrical 
energy,  then,  isn't  it  ?  " 

E.  U.  M. —  "Not  at  all,  not  at  all;  you  misconceive  me 
entirely.  It  is  true  that  we  generally  connect  the  idea  of 
energy  with  the  word  potential,  but  in  this  case  we  use  it 
in  a  special  way.  It  really  is  only  one  factor  of  energy,  and 
to  get  the  electrical  energy  you  must  multiply  it  by  another 
term,  quantity  of  electricity." 

S. — "  You  will  excuse  me  for  a  moment,  I  am  a  little 
dazed.     As  I  understand  it,  then,  this  unit — " 

E.  U.  M. — "  You  must  be  very  careful.  There  are  three 
units.  This  is  not  the  real  fundamental  unit.  That  is  only 
one  one  hundred  millionth  of  the  volt.  The  volt  was  chosen 
this  size  for  your  especial  convenience." 

S. — "O  Lord!"  {after  a  pause)  "then  this  other  term  which 
I  see,  magnetomotive  force,  is  that  also  so  called  because  it 
is  not  a  force  and  has  nothing  to  do  with  motion  ?" 

E.  U.  M.— "  Exactly." 
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S. — "  But,  from  the  definition  of  unit  current,  it  certainly 
seems  as  if  there  must  be  some  tendency  for  a  magnet  to 
move  round  a  wire  carrying  a  current,  in  the  direction 
of  the  magnetomotive  force." 

E.  U.  M. — "  Not  at  all.  That  definition  was  adopted  for 
the  sake  of  making  the  idea  more  simple;  but,  as  I  have,  on 
several  occasions,  noticed  that  professors  of  electrical  engi- 
neering have  published  articles  in  the  technical  journals  in 
which,  the  magnetic  lines  being  represented  by  vortex  rings, 
they  have  stated  that  these  rings  rotated  around  the  axis  of 
the  wi^e  as  well  as  around  the  axis  of  the  vortex,  it  may  not 
be  so  clear  as  it  was  originally  thought  to  be."- 

S. — "  And  still  I  am  at  fault.  Surely  this  unit  magnetic 
pole — " 

E.  U.  M. — "There  is  no  unit  pole.  True  simplicity 
is  obtained  by  defining  things  in  terms  of  other  things 
which  cannot  exist,  calling  them  by  names  which  are  as  mis- 
leading as  it  is  possible  for  them  to  be,  multiplying  them  by 
all  sorts  of  constants,  and  stirring  the  whole  thing  up  with  a 
stick.  By  giving  eight  or  ten  names  to  the  same  quantity 
and  using  the  same  term  with  different  significations  in 
different  connectionsf  still  further  advantages  are  obtained. 
By  a  judicious  extension  of  these  principles  and  the  adop- 
tion of  still  other  practical  units  it  is  hoped  in  time  to  have 
a  system  which  no  one  can  understand." 

I  jest  with  tears  in  my  eyes  because  I  have  to  teach  the 
relations  between  these  units  to  students.  I  could  get 
through  the  work  in  about  one-third  of  the  time  if  it  were 
not  for  the  inconveniences  of  the  practical  units  and  the 
names. 

How  much  better  it  would  be  to  call  a  certain  quantity 
the  voltage,  the  integral  of  it  the  voltance,  the  intensity  of 
it  the  voltivity,  and  the  absolute  unit  itself  the  volt.  By 
following  this  system,    1 10  volts  would  then  be   1 1   bega- 

*For  a  recent  instance,  since  the  above  was  written,  see  Weidemann's  Ah- 
nalen,  No.  12,  1S99. 

fAs,  magnetic  moment  of  a  magnet,  and  of  a  magnetic  shell,  the 
moment  of  a  magnetic  shell  having  to  be  multiplied  by  its  area  to  get  its 
moment  considered  as  a  magnet. 
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volts,  and  there  would  be  no  practical  units,  and  all 
units  would  be  connected  by  equations  without  constants. 
Similarly  Gilbertage,  Gilbertance,  Gilbertivity  and  Gilbert. 
As  regards  symbols,  E  would  stand  for  voltance,  F  for 
voltivity  and  E  for  time  rate  of  change  of  voltage. 

Is  there  no  hope  for  a  return  in  1900  to  a  rational  system 
of  absolute  units,  names  and  symbols  ?  This  would  also 
give  us  a  chance  to  get  rid  of  the  4;:  factor,  as  suggested  by 
Heavyside. 

EQUATIONS    OF   ENERGY. 

The  equations  expressing  electric  and  magnetic  phe- 
nomena are  four  in  number  ;  /.  e., 

OP  =  ML^/T.  (i) 

y.  fi  =  T-/L'  (2) 

Qy^^LT  (3) 

P  y.  =  M/L  (4) 

where  Q  =  quantity  of  electricity 
P  =  quantity  of  magnetism 
y  =  specific  inductive  capacity 
ix,  =  permeability 
M  =  mass,  L  =  length  and  T  =  time. 

From  these  we  get  the  following  equations : 


y  L  T- 


energy  (electric)  (5) 


P"  1/  /^ 

—  =  ^— .^  =  energy  (magnetic)  (6) 

^T-=  -  ^..    =  energy  (electro-magnetic).  (7) 

To  go  more  into  details,  we  may  separate  the  L  s  into  L^ 
Zy  and  L^  axes,  where  L^  represents  the  axis  in  which  the 
electric  force  acts,  L^  that  in  which  the  magnetic  force  acts, 
and  L^  the  axis  at  right  angles  to  both.     We  then  have  : 

g;  _  M  Z,  L,  L, 

y  T^  ^  / 
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(9) 
(10) 

(II) 

(I2) 
(13) 

(14) 

E=^L:-/T  (15) 

F=L,/7  (16) 

G  =  ML,/L,T'  (17) 

H  =  M/L^  T-  (18) 

We  can  now  find  out  how  the  energy  is  stored  up  and 
the  direction  of  the  faces. 

Take  equation  (8). 

If  we  have  a  condenser  with  an  electric  charge  on  it,  we 
get 

Q^  ^f  X  X  area  \_M'  ^L^L^L,^     L^    _ML\ 

2    '   Vdist.  between  plates/      T"  M  Ly  L^         T. 

Or,  if  we  have  a  condenser  of  charge  Q  and  a  certain  capacity, 
the  energy  stored  up  in  the  condenser  will  be  equal  to  half 
the  square  of  the  charge,  divided  by  the  capacity,  and  will  be 
given  out  bj'-  motion  along  the  x  axis,  i.  e.,  the  force  is  along 
that  axis.* 

It  will  be  noted  that  the  capacity  of  a  sphere  in 
vacuo  is  generally  given  as  its  radius,  or  L^.  It  is,  how- 
ever, the  area  of  the  sphere  divided  by  4  -  times  the  radius, 
or  Zy  Z^  -=-  4  TT  Zj. 

*  The  factor  %  comes  in  by  reason  of  the  fact  that  there  is  no  voltage  to 
commence  with,  and  it  is  -^  when  the  charging  is  finished,  hence  the  average 

K 

value  is  Q/  2  k. 
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When  the  bodies  are  very  far  apart  the  capacity  depends 
very  little  on  the  distance,  but  is  proportional  to  the  radius 
of  the  bodies.  Here  there  is  no  force  resisting  a  change  of 
the  distance  between  the  bodies,  but  the  force  now  comes  in 
if  we  try  to  change  the  radius,  and  hence  a  soap  bubble,  as 
is  well  known,  will  tend  to  expand  when  charged. 

Since  electric  energy  is  given  by 

2  y.  Ly  L^  T- 

the  energy  per  cubic  centimeter  is  given  by 

ML,'     .      r    J     r    _        M        ^  L,L,L,  _   (    Q    \'         I 

or  inserting  the  proper  numerical  coefficient,  which,  if  we 
use  the  C.  G.  S.  electrostatic  system,  is 


*  Since  unit  quantity  =:  4  t  lines  and  the  average  value  of  -    is    -  the  final 

y.        2 

value. 

we  get 

712 

(19) 

equals  the  energy  in  ergs  per  cubic  centimeter  stored  up 
in  electrostatic  field.  Since,  if  we  allow  the  cube  to  shorten 
up  along  the  x  axis,  the  energy  will  vary  as  the  length 
along  that  axis,  this  same  expression  gives  the  force  per 
square  centimeter  of  surface  perpendicular  to  the  x  axis,  or 
the  stress  per  unit  area. 

The  magnetic  formulae  are  similar.     From  equation  (9) 
we  get 

P-  ^  (  /x  X  area  \  L},  L\        M  L^  Ly   _  M L^? 


H 


X  /\--'^x 


L        Vdist.  between  plates/       i  L^LyT-     L^Lj_        T^ 

Energy  per  cubic  centimeter  and  stress  per  square  centi- 
meter equals 
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We  may  make  various  permutations  and  combinations  of 
these  symbols  by  substituting  values  taken  from  equations 
previously  given.     Thus, 

^i^y.    "    8  ;t  ^T 

_^  ^  ^11  =  ^> 
^tTii  ~    sT  ~~  8~7r 

If  we  have  a  piece  of  glass  in  an  electrostatic  field  the 
energy  per  cubic  centimeter  is,  in  the  space  where  the  glass 
is,  D'^ /'S  -  X.  If  the  glass  be  moved  2  centimeters  away, 
the  energy  in  the  space  formerly  occupied  by  the  glass  is 
now  D[- /%  t:  x^.  In  the"  place  where  the  glass  now  is  the 
energy  was  formerly  D^  /Z  t:  Xn,  and  is  now  D{  /  %  -  x.  The 
total  loss  of  energy  in  the  space  where  the  glass  was  at  first 
is  therefore 

Z)2/8  t:  X  —  Ays  TT  X, 

and  the  gain  at  the  second  place  is 

Di/%  71  X  —  D.J/^  t:  X., 

The  total  change  of  energy  in  the  field  at  these  points  is 
therefore  the  difference  between  the  loss  and  gain,  and  as 
this  was  caused  through  a  motion  over  a  space  of  2 
centimeters,  the  average  force  (equals  energy  h-  distance 
moved)  is 

2  [(AV8  -x,  —  Di'/%  Tix)  —  (A-/8  -  X  -  D,'/%  -  x,)] 

Suppose  we  have  two  plates,  each  lo  square  centimeters 
in  area  and  i  centimeter  apart,  each  plate  charged  with  a 
quantity  of  electricity  O,  the  sign  of  the  one  quantity 
being  -|-  and  that  of  the  other  — ,  Then  D  equals  4  tt  O/ 10, 
and  the  energy  (supposing  the  lines  not  to  spread  but  to 
move  straight  from  one  plate  to  the  other)  per  cubic  centi- 
meter of  the  space  between  the  plates  (which  are  supposed 
parallel  to  one  another)  is  D'-/'^  -  x.  If  now  one  of  the 
plates  be  moved  back  a  distance  d  /,  there  will  now  be  an 
additional  volume  of  space  between  the  plates  of  \o  Y.  d  I 
square  centimeters.  If  the  charge  remains  the  same,  the 
same  number  of  lines  pass  across  each  square  centimeter  of 
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the  intervening  space  as  before,  and  the  energy  per  cubic 
centimeter  is  the  same  as  before.  But  there  is  now  a 
volume  of  i  -\-  d  I  cubic  centimeters  between  each  corre- 
sponding square  centimeter  of  area  of  the  plates,  and  the 
energy  has  therefore  increased  by  D'-  d  I /%  rr  /.  for  each 
square  centimeter  of  surface.  And  this  increase  is  due  to 
a  motion  d  /,  so  the  force  is  D'-  d  I /  Z  -  x  -^  d  I,  or  D- /%  it  /., 
per  square  centimeter  of  the  plates.  The  total  force  acting 
to  pull  the  plates  together  is  therefore  lo  D- /2>  -  x. 

Suppose  next  that  the  two  charged  plates  are  fixed  and 
a  sheet  of  glass  i  centimeter  thick  and  10  square  centi- 
meters in  area  is  slid  in  between  them,  the  charge  remain- 
ing constant.  The  energy  in  the  space  between  the  plates 
was  originally,  if  they  were  separated  by  air,  10  D'- ;  8  ~/.i.  It 
is  now  10  D'-  S  -  /..  Since  x  for  glass  is  greater  than  x^  for 
air  (the  latter  being  i),  the  energy  of  the  whole  system,  when 
the  glass  is  between  the  conducting  plates,  is  less  than  it 
was  previously.  Consequently  the  glass  plate  will  tend  to 
slide  in  of  its  own  accord.  If  it  has  to  move  through  a 
space  of  5  centimeters  to  do  this,  the  average  force  tend- 
ing to  move  it  will  be 

10  {D- :%  z  X,—  D-  /  8  -  ;f)  ->  5  equals  2  {D-  —  D-  /  x)  /  8  -. 

This  amount  of  energy  is  withdrawn  from  the  dielectric 
and  changed  into  mechanical  energy  through  the  motion 
of  the  glass  plate.  If  we  fasten  a  string  to  the  glass  plate 
it  may  pull  up  a  weight  and  so  store  the  energy  in  the  form 
of  gravitational  energy.  If  we  simply  allow  the  glass  plate 
to  swing,  it  takes  on  a  velocity  and  the  energy  becomes 
energy  of  inertia,  which  gradually  fritters  itself  away,  if 
there  be  friction,  into  heat. 

As  another  case,  suppose  the  voltage  to  be  kept  constant. 
The  original  energy  per  cubic  centimeter  was  D'-l^  -,  equals 
FDjSr:.  The  energy  after  the  movement  of  the  plate  is 
Z?^2  ,3  -  z  =  F  Z'l,  8  -,  for  since  the  voltage  has  been  kept 
constant  and  x  has  increased  and  D  =  x  F,  D  must  have 
increased  to  some  other  value,  D^.  The  difference  of  energy 
per  cubic  centimeter  is  therefore 

F  (D,  —  D)  i  8  -. 
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But  work  has  now  been  done  in  two  ways,  first  by  bring- 
ing fresh  electricity  on  to  the  plates  of  the  condenser,  and 
secondly  in  the  movement  of  the  plate  of  glass.  The  former 
amount  is  equal  to  F{D^  —B)i  4  -,  for  quantity  of  electricity 
X  voltage  equals  energy,  and  in  this  case  the  quantity  is 
brought  up  to  a  constant  potential  and  not,  as  when  the 
condenser  was  first  charged,  to  a  potential  gradually  rising 
from  zero  to  F,  and  whose  average  value  was  therefore  1/2 
F. 

But  F  {D,  —  D)  i  4  n-  is  greater  than  F  (A  —  D)%  r:,  and 
the  difference,  F  {D^  —  Z>)  /  8  z,  must  have  been  spent 
on  the  motion  of  the  glass  plate.  Since  there  are  10  cubic 
centimeters,  the  total  so  spent  will  be  10  F  (A  —  D)  i  ?>  n, 
and  if  the  amount  of  motion  is  as  before  5  centimeters,  the 
average  force  will  be  2  i^  (A  — .^)  I  ^  ~- 

Since  D  =  x  F,  and  x  =  unity  in  the  case  of  air,  this 
formula  reduces  to  2  {Df  —  D- 1  x)  ~  S  ~,  as  before. 

We  thus  see  that  the  force  acting  to  suck  in  the  glass 
plate  is  the  same  whether  the  charge  or  the  voltage  is  kept 
constant,  but  that  in  the  former  case  the  energy  of  the 
whole  system  is  lowered  by  an  amount  10  (A"  —  F^  I  k)  S  tt, 
whilst  in  the  latter  case  it  is  increased  by  the  same  amount. 
It  is  for  this  reason  that  twice  that  amount  had  to  be  spent 
in  bringing  the  additional  charge  up  to  the  given  poten- 
tial. 

[To  be  contintied.'\ 


BOOK   NOTICES. 


The  Rise  and  Development  of  the  Liquefaction  of  Gases.  By  Willett  L.  Har- 
din, Ph.D.,  Harrison  Senior  Fellow  in  Chemistry  in  the  University  of 
Pennsylvania.  New  York  :  The  Macmillan  Company.  X899.  John  Wana- 
maker,  Philadelphia.     (Price,  $i.50.) 

The  author  has  given  us  in  convenient  form  the  important  data  bearing  on 
the  history  of  the  subject  of  the  liquefaction  of  gases,  which  are  scattered 
through  the  periodical  literature  of  the  past  thirty  years.  The  scientific 
investigator  of  the  subject  and  the  inventor  who  is  chiefly  interested  in  the 
practical  applications  of  liquefied  gases  will  find  Dr.  Hardin's  work  equally 
serviceable.  W. 
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Franklin  Institute^ 


S^Proceedings  of  the  stated  meeting  held  Wednesday,  May  16,  igoo.'] 

Hall  of  the  Fraxkun  Institute, 
Philadelphia,  May  16,  1900. 
Mr.  John  Birkinbine,  President,  in  the  chair. 

Present,  375  members  and  visitors. 

Additions  to  membership  since  last  report,  iS. 

Dr.  A.  E.  Kennelly,  Messrs.  Carl  Hering,  Louis  E  Levy  andW.  C.  L.  Egliu 
were  named  as  delegates  to  represent  the  Institute  at  the  various  scientific  and 
technical  congresses  to  be  hald  in  connection  with  the  Paris  Exposition. 

Prof.  Arthur  J.  Rowland  gave  a  historical  sketch  of  the  various  methods 
of  incandescent  lighting.  Mr.  George  S.  Barrows  supplemented  the  remarks 
by  Professor  Rowland  with  an  account  of  the  latest  improvements  in  the  art> 
used  by  the  Welsbach  Company,  and  illustrated  the  subject  by  exhibiting 
several  improved  forms  of  the  Welsbach  mantle  and  burners,  and  with  a  series 
of  lantern  slides,  showing  the  various  steps  in  the  manufacture  of  the  Wels- 
bach mantles. 

Mr.  Moriz  Burger,  of  New  York,  gave  a  description  of  the  Burger  and 
Ostergren  coil  machine  for  liquefying  air,  and  gave  an  account  of  the  recent 
researches  of  Prof.  Raoul  Pictet  in  the  separation  of  air  into  its  constituent 
parts,  and  of  the  industrial  uses  of  oxygen,  nitrogen  and  carbon  dioxide. 
This  communication  was  illustrated  by  numerous  experiments. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 
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[Abstract    of  proceedings    of  the  stated    meeting    held   Wednesday,    May 

2,  igoo.l 
Mr.  Hen'RV  R.  Heyl  in  the  chair. 

The  following  reports  were  adopted  : 

National  Export  Exposition.— 'E.^\\\h\\.  of  the  U.  S.  Geological  Survey. 
[Referred  by  the  Bureau  of  Awards.] 

Report. — For  the  reasons  set  forth  in  the  following  report,  the  sub  com- 
mittee charged  with  this  investigation  recommends  the  grant  of  the  Elliott 
Cresson  Medal  to  the  U.  S.  Geological  Surv-ej-,  viz.: 

Abstract. — "  The  large  space  occupied  b^-  theU.  S.  Geological  Sur\-ey  is 
richly  and  instructively  filled  with  the  products  of  the  industry  of  this  useful 
branch  of  the  Government. 

"The  exhibits  of  the  Survey  comprise  maps,  photographs,  publications 
and  a  typical  series  of  rocks. 

"  I.  The  maps  are  \a)  geographical  ;  {b)  topographical,  in  contour  curves 
or  in  relief,  and  (c)  geological  and  statistical,  i.  e.,  colored  to  represent  the 
geological  structure  and  the  distribution  of  deposits  of  economical  value.  Be- 
s'des  the  above  are  vertical  sections  where  these  seem  of  advantage  to  the 
comprehension  of  the  subject. 
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"  In  all  these  maps  the  best  methods  and  workmanship  of  modern  cartog- 
raphy have  been  employed.  I'or  the  topography,  the  system  of  contour 
curves,  displayed  in  the  large  atlas  maps  of  the  Hayden  survey,  retains  in  the 
later  maps  an  equal  excellence  of  finish,  but  represents  a  greater  accuracy  of 
field  work. 

"There  are  five  specimens  of  relief  maps  reproducing  (i)  the  United 
States  on  a  scale  of  i  inch  to  12  miles  horizontally,  and  to  i"2  miles  verti- 
cally, the  vertical  scale  being  exaggerated  to  ten  times  the  horizontal  for  the 
purpose  of  better  marking  the  relief;  (2)  the  Atlanta-Chattanooga  district; 
(3)  Nebraska  ;  (4)  Tennessee  ;  (5)  Connecticut.  These  models  show  the 
perfection  to  which  Prof.  J.  P.  Lesley  brought  this  kind  of  work  in  the  late 
Second  Geological  Survey  of  Pennsylvania. 

"  A  photograph  of  one  of  these  models,  appropriately  illuminated,  illus- 
trates the  device  of  Professor  Lesley  for  distributing  the  comprehensive 
knowledge  imparted  by  these  instructive  plans  as  widel}'  as  the  printed  pages 
of  the  reports. 

"  In  all  these  maps  the  accuracy  of  registration  of  the  several  parts  upon 
each  other,  as  well  as  the  constancy  of  the  coloring  of  the  diflferent  sections, 
are  worthy  of  special  attention,  because  they  indicate  the  successful  solution 
of  two  of  the  most  difficult  problems  in  section  map-making. 

"  A  large  lithographic  press  in  another  part  of  the  building  is  in  active 
operation,  under  the  direction  of  the  U.  S.  Geological  Survej'. 

"II.  The  photographs  of  the  L^.  S.  Geological  Survey  have  long  been 
famous.  In  no  other  national  geological  survey  have  photographic  illustra- 
tion been  so  lavishlj  and  judiciously  employed  to  illustrate  the  text  of  the 
technical  studies.  But  beside  this  purpose,  the  splendid  colored  transparencies 
of  Mr.  J.  K.  Hiller,  presenting  in  brilliant  natural  colors  the  Grand  Cailon 
of  the  Yellowstone  Park,  and  another  typical  Western  view,  are  in  the  front 
rank  of  their  branch  of  the  photographic  art. 

"  III.  The  publications  of  the  Bulletins  and  Annual  Reports  of  the  Geologi- 
cal Survey,  among  which  are  included  the  statistical  record  of  the  mineral 
industry  down  to  the  end  of  the  year  1898,  exhibit  the  information  given  to 
the  people  since  i88o.  The  only  criticism  to  be  made  is  the  arbitrar}-  adop- 
tion of  this  last  date,  as  if  it  were  the  commencement  of  national  geological 
work  here,  though,  of  course,  this  choice  could  be  justified  by  the  present 
title  of  the  service.  In  point  of  fact,  however,  the  publications  which  first 
called  the  attention  of  the  world  to  the  admirable  work  this  countr}-  was 
doing  in  the  systematic  study  of  her  resources,  and  which  made  possible  the 
organization  of  the  present,  were  issued  for  ten  years  anterior  to  1880. 

"  IV.  Following  the  example  first  set  in  German}',  the  Survey  has  pre- 
pared a  series  of  150  specimens  of  tj'pical  rocks,  whose  names  recur  fre- 
quently in  the  reports.  The  value  of  such  collections  cannot  be  over- 
estimated. They  make  clear  the  descriptions  of  complicated  geological 
conditions,  and  put  an  effective  check  upon  that  natural  enemy  of  geological 
science,  the  petrographic  name-maker. 

"In  the  sense  and  for  the  purpose  of  a  demonstration  to  the  public  of  the 
usefulness  and  industrj-  of  a  great  public  work  for  which  the  public  pays,  this 
exhibit  is  deserving  of  the  highest  praise,  and  your  committee  recommends 
the  Silver  Medal  and  a  diploma,  the  highest  award  within  its  gift. 
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"  It  recommends  in  addition  the  reference  of  this  exhibit  to  the  Committee 
of  Science  and  the  Arts  of  the  Franklin  Institute  for  further  investigation, 
with  a  view  to  special  reward  of  merit. ' '  {^Sub-Committee,  Theo.  D.  Rand, 
Chairman;  Persifor  Frazer. ] 

National  Export  Exposition. — Laird,  Schober  &  Co.'s  Exhibit.  Boots 
and  Shoes.      [Referred  by  the  Bureau  of  Awards.] 

Abstract.— For  quality  of  material,  beauty  of  design,  expert  workman- 
ship and  proper  proportions  of  the  products  of  these  manufacturers  the  award 
is  made  of  the  Edward  Longstreth  Medal  of  Merit.  {Sub-Co)innittee,  J. 
Ware  Jones,  Chairman;  Howard  L.  Townsend,  Wm.  C.  Benkert.] 

National  Export  Exposition. — Exhibit  of  A.  J.  Holman  &  Co.  Subject, 
Bibles. 

Abstract. — The  report  of  the  Investigating  Committee,  after  due  re-ex- 
amination of  the  exhibit  of  A.  J.  Holman  &  Co.,  of  Philadelphia,  is  sub- 
stantially as  follows  : 

"  One  of  these  productions,  however,  merits  the  special  consideration  of 
your  body,  namely,  the  edition  known  as  the  '  Linear  Parallel  Bible.'  This 
work  presents  the  varying  passages  of  the  King  James  and  the  Revised  Ver- 
sion of  the  Scriptures  in  a  manner  at  once  original  and  effective.  The  ver- 
sions are  placed  in  juxtaposition,  in  close  parallel  lines,  the  older  rendering 
in  the  upper  and  the  revised  version  in  the  lower  line,  both  printed  in  a  plain 
and  clear  type  combination,  which  aflFordsthe  reader  at  a  glance  a  direct  com- 
parison of  the  two  renderings,  including  all  the  varise,  from  changes  of  the 
text  to  the  minutest  detail  of  the  changes  in  punctuation,  many  of  the  latter 
being  as  important  as  those  of  the  text. 

"  For  students  especially  this  innovation  is  of  marked  value,  as  the  ordi- 
nary method  of  presenting  variations  of  this  character  by  parallel  columns  or 
marginal  notations  is  extremely  taxing  both  to  the  eye  and  to  the  mind  of 
the  investigator. 

"  The  mechanical  execution  of  this  edition  is  such  as  to  make  it  an  exam- 
ple of  the  most  advanced  art  in  book-making,  1,000  pages  being  comprised 
in  a  thickness  of  only  yi  of  an  inch,  while  with  this  extreme  thinness  the 
paper  combines  the  requisite  qualities  of  strength  and  opacity  of  texture. 

"In  recognition  of  the  originality  of  design  in  this  work,  and  of  its 
technical  excellence,  your  sub-committee  recommends  that  the  Franklin 
Institute  award  to  Messrs.  A.  J.  Holman  &  Co.  the  Edward  Longstreth 
Medal  of  Merit."  {Sub-Committee,  Louis  E.  Levy,  Chairman;  John  R. 
McFetridge,  Stephen  Greene,  J.  L.  Shoemaker,  F.  Oldacli.] 

National  Export  Exposition. — Exhibit  of  the  Penco3-d  Iron  Works,  Pen- 
coyd.  Pa.     [Referred  by  the  Bureau  of  Awards.] 

This  report  is  reserved  for  publication  in  full. 

The  award  of  the  Elliott  Cresson  Medal  is  recommended  to  the  exhibitors 
for  remarkable  progress  exhibited  in  bridge  and  other  structural  engineering. 
\Sub-Committee ,  Thos.  P.  Conard,  Chairman  ;  H.  F.  J.  Porter,  Joseph  Harts- 
horne,  Harrison  Souder,  Jacob  Y.  McConnell.] 

National  Export  Exposition.— Improvements  in  Filing  Cabinets.  \Vm. 
H.  Tucker,  Newark,  N.  J.     Report  : 

Abstract. — This  application  has  reference  to  certain  improvements  in 
Piling  Cabinets  invented  by  Wm.  H.  Tucker,  of   Newark,  N.  J.,   including  a 
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support  for  bill  file  holder,  patented  December  iS,  1883  (No.  290,497)  ;  a  file 
box,  patented  on  same  date  (No.  290,498)  ;  a  system  of  indexes,  for  use  in  con- 
nection with  appliances  for  filing  documents,  patented  July  14,  1891  (No.  455,- 
807),  and  also  to  certain  improvements  in  bill  files  and  card  indexes,  invented 
by  Emil  J.  Bein,  of  Newark,  N.  J.,  patented  July  4,  1899  (No.  627,967), 
and  August  14,  1899  (No.  631,772). 

These  improvements  are  embodied  in  the  Letter  and  Document  Files  and 
Card  Index  Cabinets  manufactured  by  the  Tucker  File  Company,  of  Newark, 
N.  J.,  and  formed  the  subject-matter  of  an  investigation  and  report  by  the 
undersigned,  acting  as  a  Jury  of  Awards  at  the  National  Export  Exposition 
of  1S99  (see  Appendix). 

To  that  report,  which  is  hereby  specifically  confirmed,  3-our  sub  committee 
takes  this  occasion  to  add  a  consideration  of  the  Index  Sj^stem  invented  by 
Wm.  H.  Tucker,  which,  while  quite  adapted  for  use  in  connection  with  any 
document  file  whatever,  is  given  a  marked  degree  of  efficiency  bj-  the  several 
carefully  designed  devices  applied  to  the  Tucker  Cabinets,  as  noted  in  the 
former  report  already  referred  to.  These  Letter  and  Document  Files,  as  thus 
completed  with  a  comprehensive  index,  together  with  the  ingeniously-con- 
trived card-index  cabinets,  afford  a  means  and  a  system  of  filing  documents 
for  ready  reference  and  easy  access  which  appears  to  leave  nothing  to  be 
desired. 

In  recognition  of  the  improvements  effected  in  the  design  and  construc- 
tion of  Files  for  Documents,  and  in  the  system  of  indexing  the  latter,  your 
sub-committee  recommends  the  award  to  William  H.  Tucker  of  the  Edward 
Longstreth  Medal  of  Merit  ;  and  in  recognition  of  improvements  in  Letter 
File  Clamps  and  Index-card  Holders,  3-our  sub-committee  recommends  the 
award  to  Emil  J.  Bein  of  a  Certificate  of  Merit.  [Sub-Comfniitee,  Louis  E. 
Levy,  Chairman  ;  F.  Oldach,  J.  L.  Shoemaker.] 

As  the  action  of  the  Bureau  of  Awards  is  referred  to  specifically  by  the  sub- 
committee for  information  respecting  the  reasons  for  its  award,  the  report  in 
question  is  herewith  reproduced: 

APPENDIX. 
COPY   OF   REPORT   OF  THE  JURY   OF   AWARDS,    N.    E.   E.,    1899. 

The  exhibit  of  File  Cabinets  made  by  the  Tucker  File  Company,  of  New- 
ark, N.  J.,  presents  a  series  of  novel  and  highly  convenient  appliances. 
Notable  among  these  is  a  clamping  device  by  which  the  papers  filed  in  the 
receptacles  are  compressed  so  as  to  utilize  space  to  the  utmost  and  to  main- 
tain the  papers  in  their  original  compactness,  while  at  the  same  time  the 
device  is  so  arranged  as  to  permit  the  contents  of  the  file  to  be  completely 
freed  for  easy  access  at  an}'  point.  The  automatic  suspension  device  by 
which  the  file  is  held  in  place  for  convenient  examination  is  thoroughly 
efficient.  The  arrangement  of  a  supporting  slide  for  the  card  index  files,  and 
the  devices  for  holding  and  conveniently  freeing  the  index  cards,  are  worthy 
of  special  commendation. 

The  thoroughness  with  which  the  details  of  these  File  Cabinets  have  been 
wrought  out  is  fully  equalled  by  the  mechanical  excellence  of  their  construc- 
tion, and,  in  view  of  these  aspects  of  the  exhibit,  the  Committee  of  Judges 
recommend  the  award  of  the  Exhibition  Silver  Medal  and  Diploma  of  the 
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Franklin  Institute  to  the  exhibitors,  and  also  the  reference  of  these  construc- 
tions to  the  Institute's  Committee  on  Science  and  the  Arts  for  due  considera- 
tion of  that  body. 

(Signed)         Louis  E.  LEW,  C%azVma«. 

John  R.  McFetridge, 
Stephen  Greene, 
Frederick  Oi^dach, 
J.  L-  Shoemaker. 

Basin  System. — C.  L.  Riker,  Newburgh,  X.  Y. 

Abstract. — This  invention  consists  of  a  complete  washstand  with  fittings, 
containing  many  desirable  features,  being  a  self-contained  fixture  with  a 
novel  application  of  the  siphon  single-pipe  waste.  The  report  finds  that 
the  system  in  respect  of  design  of  details,  mechanical  construction  and  work- 
minship  is  worthy  of  commendation,  and  awards  the  Edward  Longgtreth 
Medal  of  Merit  to  the  inventor.  {Snb-Commiitee,  Frank  P.  Brown,  Chair- 
man ;  John  E.  Eyanson,  Wm.  Copeland  Furber,  John  Joyce.] 

Variable-Speed  Countershaft. — Milton  O.  Reeves,  Columbus,  Ind. 

(Referred  back  to  sub-committee  for  amendment.) 
Passed  first  reading: 

Machine  for  Tangible  Writing  for  Touch  Reading.— ^m.  B.  Wait,  New 
York  City. 

National  Export  Exposition. — The  Welsbach  System  of  Lighting.  Wels- 
bach  Commercial  Company,  Philadelphia. 

Natiotial  Export  Exposition. — International  Incandescent  Light  Com- 
pany's Lamp.     International  Incandescent  Lamp  Company,  Philadelphia. 

National  Export  Exposition. — Improvements  in  Carriages  and  Wagons. 
Chas.  S.  Caffrey  Company,  Philadelphia. 

Lever  and  Ratch  Attachment. — Waterbury  Tool  Company,  Waterbury, 
Conn. 

( These  were  held  over  for  one  month. ) 

Method  of  Obtaining  Energy  for  Automobiles. — ^John  Stolze,  Reading,  Pa. 

W. 


SECTIONS. 


Electric.\i^  Section. — Stated  Meeting,  held  Tuesday,  April  24th.  Prof. 
W.  S.  Franklin  iu  the  chair. 

The  paper  of  the  evening  was  read  by  Mr.  J.  Franklin  Stevens,  of  Phila- 
delphia.    Subject,  "  Electrical  Instruments." 

The  paper  sketched  briefly  the  development  of  the  art  embodie  i  in  the 
manufacture  of  commercial  indicating  instruments,  stating  the  most  desirable 
qualities  of  modern  types.  The  systems  most  commonly  employed  were 
each  briefly  discussed,  principle  of  operation  explained  and  their  limitations  de- 
scribed. Stress  was  laid  on  the  fact  that  there  is  no  type  of  instrument  which 
is  absolutely  universal,  and  the  general  rules  for  selecting  the  most  desirable 
type  for  any  particular  class  of  measurement  were  set  forth.  A  number  of 
details  connected  with  the  manufacture  of  various  types  of  instruments  were 
given  and  some  special  types  of  instruments  described  in  detail.     The  deriva- 
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tion  of  fundamental  electrical  units  was  dwelt  upon  and  the  relations  be- 
tween primary  and  secondary  standards  described. 

Richard  L.  Binder, 

Secretary. 

Section  oi-"  Photographv  and  Microscopy. — Stated  Meeting,  held 
Thursday,  May  3d.     Dr.  Henry  LefFmann   in  the  chair. 

Mr.  Lyman  F.  Kebler  gave  the  Section  an  account  of  a  series  of  examina- 
tions he  had  made  of  commercial  samples  of  gold  chloride  in  which  he  had 
discovered  a  considerable  difference  in  the  quality  of  the  various  brands  on 
the  market.  He  said  that,  taking  an  estimated  quantity  of  100  ounces,  the 
diflFerence  in  actual  value  between  the  best  and  the  worst  would  amount  to 
over  I150,  and  that  between  these  two  there  were  all  grades  of  value. 

Dr.  Henry  Leffmann  quoted  portions  of  a  paper  by  William  James  Russell, 
recently  presented  to  the  Ro)^al  Institution  of  Great  Britain,  relating  to  pic- 
tures produced  in  the  dark,  in  which  the  theory  is  advanced  that  the  action  is 
due  to  the  formation  of  hydrogen  dioxide. 

The  meeting  was  closed  by  an  exhibition  of  lantern  slides  of  the  path  of 
the  coming  eclipse  of  the  sun,  and  of  views  of  the  dam  on  the  Colorado 
River  at  Austin,  Tex. 

F.  W.  Sawyer, 

Secretary. 

Physical  and  Astronomical  Section.— ^/a/^-rf  Meeting,  held  Friday, 
May  4th.     Dr.  A.  S.  Kennellj^  in  the  chair. 

The  paper  of  Mr.  H.  M.  Watts,  read  at  the  April  meeting,  on  "  The  Proper 
Organization  of  the  Modern  State  Weather  Service,"  was  the  special  subject 
of  the  evening. 

Mr.  Watts'  remarks  were  informal.  He  exhibited  two  reports,  one,  that 
of  the  Maryland  State  Weather  Bureau,  and  the  other  our  own,  which  was  an 
unbound  pamphlet,  very  valuable,  as  far  as  it  went,  but  not  to  be  compared 
with  that  of  Maryland.  The  Maryland  service  had  an  appropriation  of  $2,000 
per  year  for  its  maintenance,  which  had  been  granted  with  the  proviso  that 
none  of  it  should  be  spent  for  salaries.  As  a  consequence,  it  had  all  been 
used  upon  the  publication,  which  was  composed  of  monographs  on  meteor- 
ology, physiography  and  kindred  subjects,  written  by  specialists,  the  collected 
observations  of  the  United  States  Weather  Bureau  having  been  used  as  data. 
Mr.  Watts  thought  that  the  adoption  of  something  similar  in  this  State  would 
prove  of  great  value,  and  suggested  that  the  Section  take  steps  to  interest 
other  institutions  of  learning  throughout  the  State  in  the  matter,  with  the 
view  of  getting  an  appropriation  of,  say  $3,000,  and  organizing  a  bureau 
modeled  so  far  as  conditions  would  admit  on  that  of  Maryland.  The  subject 
was  discussed  by  Messrs.  Dey  and  Townsend. 

On  motion  of  Dr.  Wahl,  the  President  was  authorized  to  appoint  a  com- 
mittee to  confer  with  the  various  technical  institutions  throughout  the  State, 
with  a  view  to  carrying  out  Mr.  Watts'  suggestions. 

The  President  annoimced  as  the  next  subject  "  The  Consideration  of  the 
Subject  of  Making  Observations  and  Records  of  the  Total  Solar  Eclipse  of 
May  28th." 

Dr.  Wahl,  Mr.  Weinrich,  INIr.  Watts  and  others  took  pait  in  the  discussion 
which  followed. 
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The  President  stated  that  the  Section,  in  conjunction  with  the  Section  of 
Photography  and  Microscopy,  had  arranged  to  issue  the  following  joint 
bulletin  : 

For  the  benefit  of  those  who  may  not  be  familiar  with  modern  methods 
of  observing  and  recording  solar  eclipses,  but  who  intend  to  observe  the 
eclipse  of  May  28,  1900,  the  following  suggestions  have  been  prepared,  with 
the  aid  of  information  contained  in  a  supplement  to  the  ^wfr/ra;/  Ephetneris 
{Nautical  Ahnanac)  for  1900,  as  published  by  the  Bureau  of  Equipment  of 
Washington.  Additional  information  has  also  been  obtained  persouallj^  from 
Professor  Doolittle,  of  the  Flower  Observatory. 

Amateur  observers,  and  those  not  provided  with  elaborate  astronomical 
apparatus,  may  be  able  to  furni.sh  valuable  data  from  their  observations  in 
the  following  four  ways  : 

(1)  Sketches  of  the  corona  with  the  naked  eye. 

(21  Observations  of  such  moon's  shadow  bands  as  may  be  observed. 

(3)  Observations  of  the  times  of  contacts. 

(4)  Photographs  of  the  corona. 

Useful  sketches  can  be  made  with  the  naked  eye,  but  they  must  be  limited 
to  outlines  or  particular  features,  if  satisfactory  records  are  to  be  obtained. 
Co-operation  of  several  sketchers  is  advantageous.  Sketchers  should  avoid 
fatiguing  the  eye  by  too  frequent  observations  of  the  eclipse  while  partial, 
and  should  refrain  from  making  any  observation  for  the  five  minutes  pre- 
ceding totality. 

The  following  directions  are  given  for  sketching  :  Upon  a  sheet  of  paper, 
sav  9x12  inches,  a  black  disc  1%  inches  in  diameter  is  drawn,  with  a  series  of 
projecting  radii  at  angles  of  30°.  The  positions  of  various  parts  of  the  corona  as 
seen  against  the  sky  are  best  indicated  by  reference  to  a  vertical  line  obtained 
b}'  mounting  a  plumb-line  so  that  it  is  seen  over  the  moon's  center.  The  dia- 
gram upon  which  the  drawing  is  to  be  made  is  placed  on  any  convenient 
support,  so  thit  the  lines  marked  "  top  "  and  "  bottom  "  are  in  the  plane  of 
the  plumb-line,  the  top  corresponding  to  the  top  of  the  string.  The  members 
of  the  sketching  corps  should  do  some  preliminary  practice,  each  sketching 
a  particular  quadrant  from  a  drawing  of  a  corona  placed  at  the  angular 
height  of  the  sun.  The  time  of  practice  in  drawing  should  be  a  little  less 
than  the  actual  duration  of  totality.  White  chalk  on  purplish-blue  paper 
gives  excellent  results. 

In  regard  to  the  fourth  or  photagraphic  method,  the  results  of  the  East 
Indian  eclipse  expedition  in  189S  have  shown  that  valuable  photographs  ma^ 
be  obtained  with  instiuments  of  moderate  dimensions.  Among  the  best 
results  on  that  occasion  were  those  obtained  by  amateur.-,  one  with  a  Dall- 
mever  stigmaticlens,  and  one  with  a  Dallmeyer  rapid  rectilinear  of  2"  125  inches 
aperture,  only  the  back  lens  being  used,  which  gave  an  equivalent  focus  of 
32 "5  inches. 

Plates  of  ordinary  sensitiveness  (which  are  more  convenient  than  extra- 
ordinaril}^  rapid  ones)  will  require  an  exposure  of  from  one  to  two  seconds 

(referred  \.o  L  ^  16).     The  camera  should  be  set  by  bringing  a  well-defined 

a 
object,  distant  about  half  a  mile,  into  sharp  focus  at  the  center  of  the  plate. 
The  actual  image  of  the  sun  will  be  a  small  part  of  the  field,  for  the  focal 
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length  of  the  lens  in  inches  will  be  approximately  the  diameter  of  the  sun's 
image  in  hundredths  of  an  inch.  Negatives  must  not  be  retouched  or  other- 
wise altered.  Driving  apparatus  for  the  camera  is  not  necessary,  very  good 
results  having  been  obtained  with  common  instruments,  but,  of  course, 
photographs  taken  with  cameras  provided  with  a  driving  clock  or  other  device 
for  keeping  the  image  stationary  on  the  plate  are  most  useful. 

When   Equivalent  Focus  ^^  J_  j^  ^^^  greater  than  15,  and  the  focal  length 
Aperture  a 

is  not  greater  than  5  feet,  the  blurring  of  the  image  in  a  stationary  camera 
during  an  exposure  of  A  second  is  only  ^,^(7  of  an  inch  ;  practically  imper- 
ceptible. 

It  is  of  the  highest  importance  that  the  camera  be  rigidly  mounted.  Plates 
should  be  so  marked  as  to  enable  the  operator  to  determine  after  development 
which  was  the  top  of  plate  as  exposed. 

The  total  eclipse  of  the  28th  of  May  commences  on  the  earth  at  approxi- 
mately 15  minutes  past  6  a.m.,  Eastern  time  of  the  seventy-fifth  meridian, 
and  ends  at  about  33  minutes  past  10  o'clock  a.m.  of  the  same  Eastern  time. 
During  this  time  the  moon's  shadow  will  have  passed  nearly  half  way  round 
the  northern  hemisphere,  and  the  period  of  totality  at  any  one  point  in  the 
United  States  is  but  little  over  one  minute,  being  about  72  seconds  in  New 
Orleans  and  about  90  seconds  near  Norfolk,  Va.  The  eclipse  which  is  visible 
in  the  early  morning  in  the  United  States  is  visible  in  Europe  and  in  Northern 
Africa  some  two  hours  later  in  actual  time,  and  consequently  photographs 
of  the  corona  obtained  in  the  United  States  will  be  comparable  with  those 
obtained  on  the  other  side  of  the  Atlantic  two  hours  later,  which  may  possibly 
lead  to  valuable  results.  The  path  of  totality  is  central  over  New  Orleans 
about  8  A.M.,  local  time,  and  passes  northeasterly  across  the  United  States, 
passing  near  to  Greenville,  Ala. ;  Union  Springs,  Ala. ;  Talbot,  Ga.;  Newberry, 
S.  C;  Lancaster,  S.  C;  Rockingham,  Edgecombe,  Gatesville,  N.  C,  and 
passes  into  the  Atlantic  about  seventeen  miles  south  of  Norfolk,  Va. 
Although  this  is  the  central  line,  totality  for  a  diminished  period  will  be 
visible  at  any  point  within  about  twenty-five  miles  on  either  side  of  this 
line.  Near  Norfolk  the  totality  will  take  place  about  9  a.m.  Eastern  time  (8.52 
A.M.).  W. 

Mining  and  Metallurgical  Section.— .S/a^^'i/  Meeting,  held  Wednes- 
day, May  9th.     Mr.  Joseph  Richards  in  the  chair. 

The  meeting  was  devoted  to  a  continuation  of  the  discussion  of  the  paper 
of  Mr.  Kreuzpointner,  which  was  left  unfinished  at  the  previous  meeting. 

The  pfincipal  speaker  was  Mr.  A.  E.  Outerbridge,  Jr.,  who  proceeded  with 
the  consideration  of  the  subject  in  so  far  as  it  related  to  cast  iron. 

Mr.  Wm.  R.  Webster  and  Prof.  Henry  M.  Howe,  of  Columbia  University, 
New  York,  contributed  to  the  discussion  of  I\Ir.  Outerbridge's  remarks,  and 
the  further  consideration  of  the  subject  was  postponed. 

Owing  to  the  lateness  of  the  hour,  the  paper  presented  by  Mr.  B.  S. 
Lyman,  on  "  Undergroiuid  Water,"  was  read  by  title,  and  referred  to  the  Com- 
mittee on  Publication. 

G.  H.  Clamer, 

Secretary. 
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Mechanical  and  Engineering  Section. — Stated  Meeting,  held  Thurs- 
day, May  loth.     Prof.  John  F.  Rowland,  Jr.,  President,  in  the  chair. 

The  paper  of  the  evening  was  read  by  Mr  James  S.  Merritt,  on  "  Expanded 
Metal,  with  Incidental  Reference  to  its  Application  in  Concrete  Construction." 

The  speaker  said  in  substance  : 

"  Expanded  metal  has  become  much  more  widely  used  than  was  originally 
anticipated  by  the  inventor,  J.  F.  Golding,  of  Chicago.  He  intended  to  make 
window  screens,  trellis  work,  etc.,  and  called  the  material  '  slashed  metallic 
screening,'  afterward  'expanded  metal  '  (French,  'metal  deploye,'  German, 
'  streckmetal  ')." 

The  speaker  gave  a  description  of  the  original  method  of  cutting  ex- 
panded metal  and  of  the  improvement  introduced  by  Mr.  Golding,  in  1894, 
which  permits  the  use  of  much  heavier  steel  than  formerly.  The  cutting  and 
the  opening  out  of  expanded  metal  are  done  simultaneously.  No  steel  is 
wasted,  as  there  are  no  pieces  punched  out.  The  finished  sheets  are  from 
three  to  eight  times  as  large  as  the  original  sheets  of  steel.  The  process  re- 
quires good  stock  and  careful  adjustment  of  the  shear  blades,  which  must  be 
kept  sharp.  Numerous  other  operations,  such  as  annealing,  pickling,  etc., 
are  necessary  for  a  perfect  product. 

The  principal  use  of  expanded  metal  at  the  present  day  is  in  fireproof  con- 
struction of  buildings  and  as  a  "  binder  "  in  concrete  structures  of  all  kinds. 
The  extent  of  its  use  is  shown  by  the  fact  that  over  9,000,000  square  feet,  or 
200  acres  of  various  grades  of  expanded  metal  were  used  in  the  buildings  of 
the  Paris  Exposition  for  floors,  exterior  walls,  etc.  This  is  a  little  greater 
than  the  area  bounded  by  the  Delaware  and  Schuylkill  Rivers,  Market  and 
Sanson!  Streets.  There  is  scarcely  a  prominent  building  in  the  Unfted  States 
which  has  been  completed  during  the  last  ten  years  that  does  not  contain  a 
considerable  quantity  of  expanded  metal.  Examples  :  Librarj-  of  Congress, 
Washington  ;  Carnegie  Library,  Pittsburgh  ;  Free  Library,  Boston  ;  Citj- 
Hall,  Philadelphia  ;  INIasonic  Temple,  Boston.  Many  illustrations  were 
shown  of  the  details  of  such  work.  Expanded  metal  is  used  by  the  Bell 
Telephone  Company,  of  Philadelphia,  in  a  sewer  passing  through  their  large 
manhole  at  Seventeenth  and  Filbert  Streets.  By  the  combination  of  ex- 
panded metal  with  concrete  in  such  a  way  that  the  steel  resists  the  tensile 
stresses,  concrete  can  be  used  in  man}-  fields  from  which  it  has  hitherto  been 
debarred  on  account  of  its  low  tensile  strength.  Engineers  are  using  it  all 
over  the  world  to  reinforce  concrete  in  the  construction  of  bridges,  piers, 
sea  walls,  docks,  etc.  Expanded  metal  is  also  used  for  many  curious  pur- 
poses, such  as  riffles  in  placer  gold  mining,  brake  shoes,  bird-cages,  door- 
mats, fttc. 

Daniel  Eppelsheimer,  Jr., 

Secretary. 

Chemical  Section. — Stated  Meeting,  held  Tuesday,  May  15,  1900.  Dr. 
\V.  J.  Williams,  President,  in  the  chair. 

The  paper  of  the  evening  was  read  by  Dr.  S.  P.  Sadtler.  Subject,  "A 
Historical  Review  of  the  Subject  of  Mineral  Tanning." 

The  speaker  gave  an  interesting  address  covering  the  application  of  alum, 
iron  and  chrome  salts  and  formaldehyde  for  tanning  skins,  and  illustrated 
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the  subject  b}' the  exhibition  of  a  number  of  specimens  of  each  species  of 
tanning. 

(Referred  for  publication.) 

Wm.  E.  Ridknouk, 

Secretary. 

Ei.kctkic.\l  Skction. — Stated  Meeting,  held  Tuesday,  May  22d.  Mr. 
Joseph  Richards  in  the  chair.     Twenty  members  present. 

The  Section  voted  to  change  the  evening  of  the  stated  meeting  from  the 
fourth  Tuesday  to  the  third  Thursday  of  each  month,  except  in  July  and 
August. 

Mr.  C.  H.  Bedell,  of  Philadelphia,  presented  a  communication  on  "An 
Electrical  Revolution  Indicator,  and  the  Pfatischer  Electrical  Steering  Gear," 
which  was  discussed  by  Professors  Hoadley  and  Stine,  and  referred  for  pub- 
lication. W. 


CLOSING  EXERCISES  OF  THE  SCHOOL  OF  NAVAL 
ARCHITECTURE. 

The  closing  exercises  of  the  School  of  Naval  Architecture  were  held  in 
the  lecture  room  of  the  Institute  on   Friday  evening,  May  iSth,  at  8  o'clock. 

Mr.  James  Christie  presided. 

Brief  addresses  appropriate  to  the  occasion  were  made  by  the  chairman  ; 
Dr.  Wahl,  Chairman  of  the  Committee  on  Instruction,  and  Mr.  Alex.  J.  Mac- 
lean, Director  of  the  School. 

The  Director  stated  that  thirty  eight  pupils  had  been  enrolled  in  the  first 
session  of  the  school,  and  gave  an  encouraging  account  of  the  work  of  the 
students  and  of  the  future  prospects  of  the  school. 

The  Director  of  the  school  made  the  following  report  : 

"The  Franklin  Institute  School  of  Naval  Architecture  commenced  on 
Friday  evening,  October  20,  1S99,  with  twelve  students,  and  at  each  succes- 
sive Friday  evening  received  increments  to  registration  until  the  maximum 
thirty-eight  was  reached  early  in  January,  1900.  During  this  term  of  twenty- 
seven  weeks  the  average  attendance  has  been  sixteen. 

"  Thi  course  of  instruction  in  the  several  branches  of  naval  architecture 
was  followed  on  parallel  lines,  embracing  more  than  one-half  of  the  synopsis 
issued  at  commeucement.  Biue-prints  of  details  of  construction  of  the 
different  classes  of  vessels,  both  for  the  naval  and  mercantile  marine,  were 
lent  to  the  students,  from  which  they  were  able  to  make  sketches  applicable 
to  lectures  given.  Homework,  in  the  form  of  calculations  simil.ir  to  those 
described  and  worked  in  classroom,  was  performed  by  the  s'  euts,  the 
majority  of  the  students  showing  marked  ability." 

Prizes,  consisting  of  cases  of  draughting  instruments  and  technical  books,. 
were  distribute  1  on  behalf  of  the  donors,  Messrs.  Chas.  H.  Cramp,  Clement  A. 
Griscom,  Lewis  Nixou  and  the  Director  of  the  School. 

The  recipients  of  the  prizes  were:  Fred.  A.  Coolidge,  Wilmington,  Dei.; 
Henry  T.  Darlington,  West  Chester,  Pa.;  James  A.  Kelly,  Chester,  Pa.,  and 
Wm.  H.  Balls,  Philadelphia.  W. 
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